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MO DAU

Thiét bi phan tmg 1a cac thiét bi trong tAm cua da sé cac qua trinh bién ddi hoa hoc.

Nguoi ta dinh nghia thiét bi phan tng la thiét bi ma trong d6 xay ra cac phan ung hoa
hoc, nghia 1a céc thiét bi dé chuyén hoa céc chat tham gia phan Uing thanh céc san pham hoa
hoc.

Nbi dung chu yéu cua gido trinh nay la di sau vao co ché céc qua trinh phan tmg, quy luat
va Gmg dung quy lut dé giai quyét mot sb van dé cong ngh¢, dac biét la cac qua trinh phan
ing thuong gap trong cong nghé hoa hoc cac hop chat v6 co va hitu co. Sau do, ching ta s&
khao sét cac loai thiét bi phan tng khac nhau dugc sir dung trong linh vuc loc - hod dau ciing
nhu s& nghién ctru nguyén 1y hoat dong va phuong phéap thiét ké cac loai thiét bi phan mg nay
(s& dua ra cac truong hop tinh toan cu thé) .

Nhing phan tng xay ra trong thiét bi phan tmg khoéng chi la nhimg phan tmg hoa hoc
tuan theo nhitng dinh luat vé bién do6i chat thuan tuy ma con bao gom nhiéu qua trinh khéc
cling xay ra va tac dong qua lai 1an nhau. Moi qua trinh phan tng déu c6 kém theo qua trinh
thu nhiét hodc toa nhiét (nhiét hoa hoc). Nhiét hoa hoc nay lam thay doi nhiét do ctia phan
tmg, do d6 anh hudng dén téc d6 phan Gmg va chit luong san pham. Do yéu ciu vé chat
luong san pham cling nhu dé tranh sinh ra nhiéu cac phan tng phuy tao ra cac san pham khong
mong mudén, mdi phan g can thuc hién & mot ché d6 nhiét nhat dinh va nhu véy doi hoi
phai c6 qua trinh trao d6i nhiét. Pbi voi nhitng phan tng di thé, qua trinh trao ddi vat chat
giita cac pha ciing tuan theo co ché ctia qua trinh chuyén khdi va do d6 ciing anh huong dén
toc do phan Gmg. Ngoai ra, ché d6 thuy dong luc trong thiét bi cling anh hudng dén qué trinh
phan tng.

Nhu vy, cac qua trinh xay ra trong thiét bi phan timg 14 qua trinh téng hop bao gdbm qué
trinh thuy luc, truyén nhiét, chuyén khoi va phan img hoéa hoc.

Gido trinh nay duoc giang day sau moén hoa ly va hoa cong. Vi vay, dé nim vitng cac
kién thtrc can thiét cia mon hoc, chiing ta can phai 6n lai cac ndi dung c6 lién quan vé :

- Nhié¢t dong héa hoc

- Dong hoa hoc

- Thuy lyc hoc

- Céc qua trinh chuyén khoi

- Céc qué trinh trao d6i nhiét
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PHAN I :KY THUAT PHAN UNG
I  PHAN LOAI CAC PHAN UNG HOA HOC

Theo céac tiéu chuan sap x&p khac nhau, c6 the c6 cac loai phan ung khac nhau.

Bangl : Cac loai phan tng

Ti€u chuan phan loai

Loai phan rng héa hoc

- Co ché phan img

- S6 phan tir tham
gia phan Gng

- Bac phan ung
- Diéu kién thyc

hién phan ung

- Trang thai pha
cua h¢ phan ting

phan tmg mot chidu

phan ng hai chiéu (thuan nghich)

phan ung song song :

phan tmg ndi tiép

phan tmg don gian (qua trinh bién d6i hoa hoc chi xay ra theo
mot loai trao d6i nguyén to)

phan tmg phirc tap (ddng thoi xay ra nhiéu phan tng)

phéan tng don phéan tu

phan ung hai, da phan tr

phan tmg bac 1, bac 2, ...

phan ung bac s6 nguyén, bac phan so

phan ung déng tich, déng nhiét, déng ap, doan nhiét, da bién
nhiét (13 phan tmg c6 trao ddi nhiét véi moi trudng xung quanh
nhung khong dat duoc ché do déng nhiét, nhiét do cua hon hop
phan tmg thay dbi theo thoi gian va khong gian)

phéan tng gian doan, lién tuc, ban lién tuc

phan tng ddng thé : phan ung xay ra trong hé dong nhat, cac
cau tr tham gia trong hé cung mdt trang thai pha (khi, 16ng)

phan tng di thé : phan tng xay ra trong hé khong dong nhit,
cac cau tur tham gia phan Gng ¢ trang thai tir hai pha tro 1én (hé
2 pha nhu : khi-ran, long-ran, khi-long, h¢ 3 pha : khi-long-rin)
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I CAC KHAI NIEM CO BAN CUA QUA TRINH
CHUYEN HOA HOA HOC

1.1 CAC KHAI NIEM CO BAN

I1.1.a Phan logi hé
Dua vao phuong thirc trao ddi nhiét va chat v6i moéi trudng xung quanh ma ngudi ta phan
biét h¢ phan ung 1a h¢ kin, h¢ md hay hé c6 1ap

e H¢ kin : 13 hé trong qua trinh phan tng khong lién tuc trao ddi vat chat voi méi trudong
xung quanh. Qua trinh trao doi chat xay ra theo chu ky va 1a qué trinh phu trong thiét bi
phan ng (nap nguyén liéu va thao san pham). Trong qué trinh bién ddi chét, khdi lwong
phan g ctia hé khong d6i = Hé kin gan lién voi qua trinh phan ng gian doan. Trong hé
kin Tu6n ludn ton tai qua trinh trao d6i nhiét giita hé voi moi truong xung quanh

e Hé mé: 1 hé trong qua trinh bién ddi chat lién tuc co qué trinh trao dbi chit voi moi
truong xung quanh, c6 thé la mdt hay nhiéu dong vat chat theo cac hudng khac nhau. Qua
trinh trao doi chat nay ludn ludn gan véi qua trinh trao do6i nhiét.

e H¢ ¢6 Idp : 13 hé khong trao doi chat va khong trao d6i nhiét véi méi truong xung quanh.
Nhung trong thyc t€, khé c6 thé thuc hién dugc phan img ¢ hé ¢6 1ap vi nguoi ta khong
thé bao 6n, cach nhi¢t mot cach tuyét doi

I1.1.b Phwong trinh ti lwgng

e Phuong trinh ti lugng la phuong trinh biéu dién quan hé tuong tac mang tinh dinh luong
gifra cac cau tu tham gia phan ung trong hé.
Vidu : Ta c¢6 phan ing don gian :
oA +BA2; > VA3
Trongdo: A Az : chat tham gia phan tng
Aj : san phém
Phuong trinh ti lwong dugc biéu dién theo cong thirc chung sau :
D VA =0 i=1+8;j=1+R
voi:  i- s6 tha tu cia cac cAu tir
j- s6 thi tu ctia cac phan tng
S - Tong sb céac cau tir
R - Tong s cac phan tng
vij - hé s6 ti lwong ctia cdu tir i & phan tng thir j (vi=a, B, v,...)
Nguoi ta qui udc :
- Ddi v6i cac chat tham gia phan tng : vij< 0
- Dbi voi cac san phém : vij >0

- DOd1 voi céc chat tro, dung moi, xtic tac: v =0
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e Phuong trinh ti luong cling 1a mot dang ctia phuong trinh cén bang vat chat
Vi dy : Phan timg tao NH3 xay ra theo co ché :
3H, + N, = 2NH3
Ma khéi lugng nguyén tor : My =1, My = 14, Mngz = 17
Phuong trinh ti lugng cho phan tng nay c6 dang :
-3H, -1N, + 2NH3 =0
Trong d6 : vin =-3, vie = -1, vN3 =2

Vay : 32x1D)-12x14)+22x17)=0
Il.1.c Buwoc phdn wng (&)

Budc phan tg 14 ti s giita s6 mol thay ddi ctia ciu tir bat ky trong hdn hop san pham
cua phan ung va hé so ti lugng tuong tng cua cau tur do

M&i phan tmg déu dugc dic trung boi bude phan tng &

Av A LA T _ Mo — I,
Doi véi hé kin : & = (mol)
i
Trong do : Njo - $6 mol dau cua ciu tir 1, mol
n; - 36 mol cudi cua ciu i i, mol
e re1a ” - Fi
Poi v6i hé mé : g = (mol/h ou kmol/h)
Vi
Trong do : F;o : luu lugng mol diu cua cau tir 1, mol/h ou kmol/h
F; : luu lwong mol cudi cta cau tir i, mol/h ou kmol/h

Vay ta c6 thé biéu dién can bang mol cho moi cau tir A; nhu sau :

ni:nioJrZ:vij&j véi i=1,S va j=1,R

I1.1.d Higu sudt chuyén hod Xi

e Hiéu suit chuyen hoa tinh theo mét cau tir nao d6 - thudng cho nguyén liéu, bang phan
trim luong cdu tir 46 da tham gia vao phan tmg hoa hoc tao san pham (so véi luong ban
dau).

e Dai véihé kin : Ta c6 :

X, =20 "Ri100 (%)

e DOiv6oihé ho:
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e Néu la phan tng thuan nghich : phan Gng s& két thiic ¢ trang thai can bang héa hoc, khi
n, —n

do : X, =

n.

10

trong d6 : ni* - s6 mol cau tir Ai con lai sau khi phan timg da dat dén can bang

I1.1.e Dy chon lya (S cua chit tham gia phén irng A; chuyén hod thanh sin
phiam A

Chinh bang hiéu suat chuyén hoa ctia Ai thanh Ai’

1

AilA; Lugng A, mat di Viyy

_ Lugng A tao thanh LV

v6i o :hé s ti lugng cua chat tham gia phan tmg Ai

a ¢ : hé sb ti luong cua chét tao thanh sau phan tng Ai’

IL.1.f Higu sudt tinh cho tirng san phim (Ri)

Hiéu suit tinh cho ting san pham chinh bang ti s6 % giita lugng san pham nay thu duogc va
luong nguyén li¢u dem xu ly.
Chung ta c6 mbi lién hé :

Ri:SiXXi

Vidul:
Xét qua trinh cracking nhiét mot loai can 550 °C* dé san xuat xing

1- Hiéu suét chuyén héa tinh & dau ra cta thiét bi phan tng :

Y= Luu lugng khéi lugng clia nguyén liéu cdn - Lugng cdn con lai trong dong san pham ra
Luu ludng khéi lugng ctia nguyén liéu cin

2- DG chon lya cua qua trinh dé tao ra san pham xang :

Luu lugng khéi lugng xing tao thanh trong dong sin pham

" Luu lugng khéi lugng ctia nguyén lidu cin - Lugng cin con lai trong dong sin pham ra
3- Hiéu suit thu xing :

_ Luu lugng khéi lugng clia xdng tao thanh trong dong sin pham

R :
Luu lugng khoi ligng ctia nguyén liéu cin
Vidu?2:
. G +C -G
Cho 2 phan tng : B
2C5 — C,
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Nong do cta cac cau tur & dong vao va dong ra cua thiét bi phan tng dugc xac dinh theo bang
sau :

Dong vao (mol) | Dong ra (mol)
Cs Ay 100 20
Cy A; 100 80
Cs Az 10 40
C; Ay 5 25
1- Phuong trinh ti luong : Z viA; =0
-A1 - A2 + A4 =0
2A + As =0
2- Budc phan Ung : & = ? =20 (mol)
40-10
2 =T = 30 (mol)
3- Hiéu suit chuyén hoa :
Hiéu suat chuyén héa ciia C3~ : % =80%
Hiéu suat chuyén héa cta Cy~ : 10(1)0_080 =20%
4- Do chonlya:
Do chon lua chuyén hoa tir C;~ sang Cg : M X 2 =75%
100-20 1
n R 1 = 25-5 1
Do chon lya chuyén hoa tir C3 sang C7: ———— x—=25%
100-20 1

Vidu 3 :
Xét qua trinh chuyén hoa hoa hoc mot nguyén liéu ning :

H i) = M (1rung binh) = Liane) V012 80 d6 cong nghé sau :

A. So do véi qud trinh tach san pham nhe L va trung binh M trudc khi héi luu phan
lon luong nguyén licu nang khong chuyén hoa :
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H=39 4
H=100 H=129 M=45 o L=
L=45
Thiét b Thiét b
7y » Phan ung | »  tach | M=45
H=29 H=39
» H=10
e Do chuyén hoa riéng phan cia H :
X, =(129-39)/129 =170%
e Do chuyén hoa toan phan ciia H :
Xy =(100-10)/100 =90%

e Do chon lua chuyén hoa tir H sang M :

Sum =45/(129 - 29) =45/(100 - 10) = 50%
e Do chon lua chuyén hoa tor H sang L :

Sur =45/(129 - 29) =45/(100 - 10) = 50%

e Hicu suat riéng phan cia M so véi H :

R, =X, x Sum =70% x 50% =35%
Hay: R, =45/129 =35%
e Hiéu suit toan phan cta M so voi H :
R, =Xgx Sum =90% x 50% =45%
Hay: R, =45/100 =45%
e Hiéu suat riéng phan ctia L so v6i H :
R, =Xpx Sur =70% x 50% =35%
Hay: R, =45/129 =35%
e Hiéu suét toan phan cia L so v6i H :
R, =Xgx Sur =90% x 50% =45%
Hay: R, =45/100 =45%

B. So a"é Véi qud trinh tach san pham nhe L trudc khi hoi lwu phan 16n lwong san
pham trung binh va nang khong chuyén hoa
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H=136 H=40 B
H=100 M=36 M=40 > =92
L=92
Thiét bi Thiét bi
'y » Phan ting | > tach
H=36
M=40
H=4
» M=4
Do chuyén héa riéng phan cta H :
X, =(136-40)/136 =70.6%
Do chuyén hoa toan phan cta H :
X, =(100-4)/100 =96%
Do chon lua chuyén héa tir H sang L :
S =92/(100-4) =95.8%
Do chon lua chuyén hoa tir H sang M :
Sum = (40-36) /(136-40)  =4/96 =4,2%
Hiéu suit riéng phan cta L so v6i H :
R, =X, x Sur =70.6% x 95.8%=67.6%
Hay: R, =92/136 =67.6%
Hiéu sut toan phan cua L so v6i H :
Ry =Xg X Sur =96% x 95.8% =92%
Hay: R, =92/100 =92%

10
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1.2 PONG HOA HOC

I1.2.a Vin téc phén g hod hoc

¢ Dinh nghia chung : van tde phan tng hoa hoc thé hién su thay ddi vé luong cia mot cAu tur
nao d6 tham gia phan tng theo thoi gian.

e Luu ¥ : Van toc phan tmg 1a mot dai lugng ludn ludn duong hodc bang khong, vi vay :
- s&mang dau (-) néu 1a chat tham gia phan tmg (tac chat) ;
- s& mang dau (+) néu 1a chat tao thanh sau phan @ng (san pham)

e Ta xét cac trudng hop tong quat sau :

[1.2.a.1 Trudng hop phan (e tién hanh gi4n doan :

- voi hé ddng nhét : van tdc phan tng tinh theo ciu tir i bang bién thién vé luong cia
cAu tir i, trong mot don vi thoi gian, trong mot don vi thé tich :

1 dn. , . kmoli
(— T, ) =—-—t thunguyén : —;
m” xh

- voi hé khong dong nhit : (nghia la phan ng xay ra trén bé mat phan chia pha voi
dién tich tiép xtic S hoic voi khéi luong W mot cau tor nao d6 tham gia phan ung)
van tbc phan tng tinh theo ciu tir i bang b1en thién vé luong ciia ciu tir i, trong mot
don vi thoi gian, trén mot don vi di¢n tich t1ep xuc pha :

(-1)= 1 dn, (thﬂ’l’l u én_kmolij
i S d g y 'mth

hodc mot don vi khdi luong cia cau tir d6 tham gia phan tng :

1 dn , . kmoli
(-1)= thunguyén :
kg

Wd x h

[1.2.a.2 Trudng hop phéan e tién hanh trong dong chay lién tuc :

Ciing nhu vay, nhung d6i v6i mot don nguyén thé tich dV, hodc dién tich dS hoic khdi lugng
dW trong dong chay.
- voi hé dong nhat : van toc phan tng tinh theo c4u tir i bang bién thién vé « tbc d6 luu
luong cia 1 » Ni ung véi mot don nguyén thé tich Vi hé phan tng:

dN, kmol i
(-1)=—= thinguyén :
dVv, m’ xh

- v6i hé khong dong nhat : van tdc phan tng tinh theo ciu tir i bang bién thién vé « tbc
d6 Iuu luong cta i » : Ni ing voi mdt don vi dién tich tiép xuc pha S hodc mot don vi
khoi lugng Wctai:

dN.
(_ L ) =
ds

( kmol 1)
thi nguyén :
m’ xh
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hoic : (cr)= dN; hit nguyén : kmol i
dW kgxh

11.2.b Phuong trinh dong hoc

e Van tdc phan g chiu anh hudng cta nhiéu yéu t6. c6 thé phan thanh 2 loai :
- yéutdndng do cua cac cu tir tham gia phan tng ;

- cac yéu t6 khac nhu : loai chat tham gia phan tng, co ché phan ung, nhiét do thuc
hién phén tng, ...

e Phuong trinh dong hoc xac dinh mdi lién hé giita van téc phan tng véi ndng d6 cac cau
tir tham gia phan tng trong di€u kién cac thong s6 khac 1a khong doi ¢ thoi diém xac dinh
van toc phan tng.

Dang tong quat : (_ L ) =k j Z(Cl )Bi’j (mol/ m S)
i=1,8
v6i:  j-sb thir ty cia phan ing (j =1 = R)
R - tong s6 phan tmg
i - sb tht tu cua cau tur
S - tong s6 cau tir
C; - nong d6 cua ciu tir i, mol/m’
B - bac phan Gmg theo ciu tir i
k - hang s van tdc phan timg

Theo dinh luat Arrénius :
E(1 1
k=k, .eR[To_T]
hay:Ink =Ink, +E 11
T, T
Véi: E -nang lugng hoat hod ctuia phan trng, J/mol

R - hang s6 khi Iy tuong, = 8,31 J/mol.K
T,, T - tinh bfmg do K

e Luu y: Co nhiéu théng sb dic trung cho ndng do ctia mot cau tir trong hé. C6 nhiing
thong so truc ti€p thé hién nong dJ hodc cling c6 thé dac trung cho ndng do bang nhiing
dai luong ti 1¢ thuan v6i nong d§ céac cau tu.

- V&ipha long : ¢o thé tinh ndng do theo :

- Phan tram khi luong : m; % ;

- Phan trim thé tich : v; % ;

- S6 mol trong mot don vi thé tich : Ci % (kmol/m3).
- v6i phakhi : ¢6 thé tinh nong do theo :
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- Phan trim thé tich : vi % ;

- Phén trdm mol : C; % ;

- 4p suét riéng phan p; ctia cdu tir i trong hdn hop khi (d6i v6i khi 1y tuong) ;
- fugacité f; (f; = y.pi) (d6i v6i khi thuc).

e Vidu ta coé modt phan tmg hoa hoc viét dudi dang tong quat :
vaAA +vgB [ vcC + vpD
phuong trinh dong hoc tinh theo ndng d6 mol C; ¢6 dang :
_ a b c d a' ~b' ~c' d
r, =k, .C.Ch.Co.Ch —k, ChLCoLCECE
hoac tinh theo % thé tich Vi
a b c d a' b' c' d'
Iy =K, .Ya-Ye-Ye-¥p — Ky Ya-¥5-Ye Yo
Trong d6:a, b, c,d,a’,b’, ¢’,d” - bac cua phéq l'rng,lén luot theo’ cu ttr A, B, C, D bdi véi
cac phan tmg thuén va nghich. Ching khong nhat thiét la cac hé s6 cua phwong trinh ti luong
va khong nhat thiét phai 1a s6 nguyén. Chi trong truong hop cac phan ing don gian, bac phan
ung mai trung voi he so ti lugng.
Téng dai s6 cac bac phan tmg theo cac cdu tir chinh 13 bac tong quat ctia phan tng :

n=a+b+c+d
I1.2.c Mpt sé vi du
Vidul:

Ta c6 phan ng mot chiéu hé khi dong nhat :

A+ %B =C
phuong trinh dong hoc c6 dang :

(-ra) =k.CA%Cs

Biét toc d6 luu luong cac dong nguyén liéu va san pham : voi A 1a F, kmol/h, voi B
13 Fg, kmol/h, Fco= 0. Hay viét phuong trinh dong hoc vé dang ham cua hiéu suét chuyén hoa
theo A (x4) néu luu luong thé tich ban dau cia dong nguyén liéu 1a V, m’/h, trong d6 néng do
ctia A tinh theo thé tich bang 50%.

Vidu2:

Thyc hién phéan tng hé khi déng phét : A = B + C 6500°C va 10 atm, phuong‘ trinh dong
hoc c6 dang : (-ra) = k.Cx** néu dong nguyén li¢u c6 80% A va 20% khi tro (nong dé tinh
theo % thé tich).

Hay viét phuong trinh dong hoc vé dang ham ctia xa.

Vidu3:

Cung cip mot dong nguyén liéu A c6 nong do Cao = 100 mmol/l, dang khi véi t(‘)c’ do luu
lugng khac nhau vao mét thi€t bi (xem bang) dé thuc hién phan tmg h¢ khi dong nhat trong
diéu kién dang 4p, dang nhiét :
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2A = R

Thé tich thiét bj 14 0,1 lit ; xac dinh néng dd cua A & dau ra thiét b phan ing ta dugc bang:

Téc d6 luu lugng Ny, I/h

30

3,6

1,5

Nong 46 Cag, mmol/l

85,7

66,7

50

33,1

Hay x4c dinh phuong trinh dong hoc.
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1.3 NHIET PONG HOA HOC

Nhiét dong hda hoc dua trén nhitng nguyén ly co ban ctia nhié¢t dong hoc dé di sau vao hai
van dé :

e quan hé giira bién d6i chat va bién ddi ning luong trong hé phan tng

e xéc dinh chiéu cta phan tng va trang thai can bang cua hé

Tir d6 cho phép x4c dinh 2 van dé can thiét cho viéc thiét ké 1a nhiét phan tmg va mirc do
chuyén hoa.

11.3.a Nhitng nguyén ly co ban cua nhiét dong hoc

11.3.a.1 Nguyénly I :

e La trudng hop riéng cua nguyén ly bao toan va chuyén hoa niang lugng : « Ning luong
khong tu nhién sinh ra hay mat di ma chi chuyén hoéa tir dang nay sang dang khac »

e Dbi voi hé kin : AU=Q+W
Trong d6: U - ndi ndng cua h¢
Q - nhiét sinh ra
W - Cong sinh ra
e Ddivéihé mo: AH=Q+W
Trong d6:  H - Enthalpie ctia hé
e Chii y rang :
- DPbi V(’f@ hé kin = su bién thién nang lugng duogc tinh gitra trang thai dau va trang
thai cuoi ;
- Pbi v6i hé md = su bién thién nang luong dugc tinh gitra trang thai vao va trang
thai ra cua hé

11.3.a.2 Nguyén ly 11

s, - 2
T
Véi: S - Entropie va dS =dS. + dS;

Entropie dugc coi 1a thudc do trang thai trat tu cia hé, hé cang trat ty thi Entropie cang nho.
Trong trang thai vat ly ly tuéng nhu trang thai vat ran ¢ dang tinh thé khong c6 cudng biic
nhiét ¢ bat ky di€ém nao thi Entropie cua hé dat gia tri cyc ti€u bang 0.

11.3.b Phwong trinh trang thai
11.3.b.1 Doivoi khi Iy tudng

e Khi ly tuong 1a khi ma luc tac dung lién két giira cac phan tir bing khong

e Phuong trinh don gian dugc viét boi Claperon - Mendeleep cho mgt mol chét :
Pv=RT

Trong d6: P - 4p suét tac dung
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T - nhiét d6, K

v - thé tich ctia mot mol khi ¢ diéu kién P, T

R - hing sb khi Iy tuong
R = 8,314 J/mol.K = 1,9 Cal/mol.K = 83,145 bar.cm’*/mol.K = 82,058 atm.cm*/mol.K
e Dbi voi hdn hop khi Iy tudng o6 m cau tir :

PV =RT) n,
i=1

Trong d6: 'V - thé tich ctia hdn hop khi

n; - s6 mol cua cau tir i
I1.3.c Nhiét phan ung

e Nhi¢t phan tng dugc dinh nghia 1a lugng nhiét tod ra hodc thu vao baoi phan timg khi phan
ung dugc qui v€ nhiét do cua tac chat ;

e Néu ap suit khong ddi, nhiét phan tng chinh bang tong do bién thién enthalpie riéng phan
cua tung cau tir trong hé.

e Gia str cho phan tng c6 phuong trinh ti luogng :
Z Viin =0

Nhiét phan tmg 6 nhiétdd T1a:  AHp; = > v hy,

hT( A,) : enthalpie riéng phén cta cdu tir Aj & nhiét d6 T

hpa = (AH?)TO +(hy —hy)+ A +hi+h!

0 A 1A ‘n . Len X P ) cnL A
(AHf)T : BJ bién thién enthalpie ti€u chuan vé cau tao ¢ nhiét do T, ;
0

0 0 . £ A Cea Z A Re 4 inl aa s I
hT - hTo : B¢ bién thién enthalpie ti€u chuan vé thay doi nhiét do tr Todeén T ;

0 . \ \ s N
AT : Do bién thién enthalpie ti€u chuan vé thay doi trang thai ; Trong diéu kién phan
ung tuong Ung véi qua trinh ngung tu (hod hot), nong chay thi day chinh la nhiét ngung tu
(nhiét hoa hoi) hay nhiét néng chay.

P n , . , A, A4 A Ty A . 2
hT : B¢ hiéu chinh enthalpie theo 4p suat néu ap suat khac vé1 ap suat khi quyén.

M ‘A r r 5 ’ A 5 LY A 5 X \ A \ A 7
hT : nhiét dong gop cua cac cau tr Ai vao nhiét cua hon hgp. Thuong nhiét nay rat bé
va kho xac dinh, vi vay c6 thé bo qua.
Vidul:

Tinh nhiét phan tmg chuyén héa isopropanol thanh acéton (phan tng déhyhro hoa
isopropanol) :

CH;-CHOH-CHj; - CH3;-CO-CH; + H»
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(Long & 298K) (Khi ¢ 433K) (Khi & 433K)
Biét :
- Nhiét hoa hoi ctia isopropanol & 298 K, ap sut tuyét dbi 1 bar 1a : 45396 J/mol ;

- Nhiét cAu tao cta acétone va isopropanol ¢ 298 K lan luwot 1a : -217150 va -
272295 J/mol

Béng gié tri ctia C, thay ddi theo nhiét d¢
Cp,=a+bT+cT*+dT’ (tinh bang cal/mol K)

Chu tir a b x 10? cx 10’ dx10°
CH;-CHOH-CH; |+ 0,794 +8.,502 -5,016 +1,159
CH;-CO-CH; +1,625 + 6,661 -3,737 +0,831
H, +6,952 - 0,046 +0,096 - 0,021
Vidu2:

Oxyde éthyléne duoc san xuat bang cach oxy hoa truc tiép éthyléne vai chat xic tac (bac va
chat mang thich hop) trong dong khéng khi. Gia sir dong nhap liéu vao thiét bi phan tng &
200 °C va chira 5% mol éthyléne, 95% mol khong khi. Néu nhiét d6 dong ra khong vuot qua
260 °C thi hiéu sudt chuyén héa éthyléne thanh oxyde éthyléne 1a 50% va 40% éthyléne bi
chdy hoan toan thanh dioxyde carbon.

Hoi phai rat bot nhiét ra moi trudng ngoai 1a bao nhiéu cho mdi mol éthyléne dé nhiét do
khong vuot qué nhiét dd gidi han ?
Biét :

- Nhiét dung riéng mol trung binh ctia éthyléne 1a 18 cal/g mol °C & nhiét do gilra 25 va

200°C 1a 19 cal/g mol°C & nhiét @9 gitra 25 va 260°C, tuwong tu cho oxyde éthyléne 1a
20 va 21 cal/g mol°C ;

- Nhiét cu tao & 25°C cua éthyleéne 1a 12496 cal / mol ;
cua oxyde éthyleéne 1a 12190 cal / mol ;
cua nudc la -57 798 cal / mol,
cua CO; 1a - 94 052 cal / mol
- Aip suét thuc hién phan tmg bang ap suit khi quyén.
I1.3.d Cin bing hod hoc
Xét phan tng thuan nghich don gian :
A+Beo C+D
Van téc phan tng thuan: (-t ) = k; Ca Cs
Van toc phan ing nghich : (1) = k2 Cc Cp

O diéu kién can bang : (-t ) + (tng) = 0

K7 thudt - Thiét bi phan img ThS. Lé thi Nhw Y



18

Hay : ﬁ = CC .CD
kz CA 'CB
. . . k, C.-C
Va hang s6 can bang K¢ dugc dinh nghiala: K. =—1t=—_"2
k, C,-C,

Khi phan tng ¢ trang thai can bang, nhiét 46 va ap sudt cia hé s& khong thay d6i va sy bién
doi nang lugng tu do bang khong Tir d6, ta c6 mbi lién hé giita su bién d6i nang luong tu do
chuan AF, va hang s6 cin bang K¢ :

AF, = - RTInK¢
Su bién doi ning luong tu do chuan AF, 1a hiéu sb giita ning luong tu do ciia san pham va
tac chat ¢ di€u ki¢n chuan. trang thai chuan duogc chon sao cho tinh nang lugng tu do don
gian nhat
Phuong trinh Van’t Hoff biéu dién su bién thién cua hing s6 can bang theo nhiét do :

d(ln K) _ AH(r),TO

dT RT?

v6i: AHY  :d6 bién thién enthalpie ciia phan img & diéu kién chuan.

Qua phuong trinh Van’t Hoff, ta thdy K giam theo su ting nhiét do ctia phan tng toa nhiét,
con doi véi phan tng thu nhiét, K giam khi nhiét d¢ giam.

Khi AH®; ddc 1ap v6i nhiét d6 trong khoang nhiét d6 tir T, dén T», ta co thé viét phuong trinh
Van’t Hoff nhu sau :

K, R \T, T
o A A A
Hodc tinh theo cong thirc : K, = — 1o A8y Ab AC 1o o
RT R 2R R
v6i @ C la cac hang s6 va Aa, Ab, Ac 1a cac hé sb cuia biéu thirc ciia nhiét dung riéng dang
ap Cp :
AC,=Aa+ Ab.T + Ac.T?
Vidu :

Hing sb can bang cho phan ung hydrat hoa ¢thyléne thanh éthanol trong pha hoi ¢ 145°C 1a
Kc = 6,8.10% va ¢ 320°C 1a K¢ = 1,9.10 . Tim biéu thirc tong quat tinh K¢ theo nhiét do.
Biét gia tri ctia Aa, Ab, Ac trong cong thirc tinh Cp ctia éthanol, éthyléne va nudc 1a :

Aa Ab (107%)  |Ac (10°)
éthanol 6,990 3,9741 11,926
éthyléne 2,830 2,8601 8,726
nudce 7,256 0,2298 0,283
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Chéy :
R = 8,31 J/mol. K = 1,987 cal/mol.K = 0,082 at.l/mol.K
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PHAN II : THIET BI PHAN UNG

I DAl CUONG
11 PHAN LOAI THIET BI PHAN UNG

Dua vao cach phén loai cic phan Gmg héa hoc ma nguoi ta phan loai cac thiét bi phan tng nhu
sau :

L1.a Theo pha cuia hé
e Theo ban chét pha : thiét bi phan tng pha khi, léng hodc ran ;
e Theo sb pha :
- thiét bi phan (g mot pha (dong thé) : pha khi hodc long,
- thiét bi phan ng nhiéu pha (di thé) :
- thiét bi phan g hai pha : khi-1ong, 16ng-16ng, khi-rin, 16ng-rin
- thiét bi phan g ba pha : khi-long-ran.
e Theo trang thai pha : thiét bi phan Gmg pha lién tuc hodc pha phéan tan
I.1.b DPiéu kién tién hanh qud trinh
e Theo phuong thuc lam viéc:
- thiét bi phan (mg gian doan
- liéntuc
- ban lién tuc
e Theo diéu kién nhiét
- thiét bi phan Gng déng nhiét
- doan nhiét
L1.c Theo diéu ki¢n thiiy dong
e Theo chiéu chuyén dong cua cac pha :
- thiét bi phan Gmg xubi dong, nguoc dong hoic dong chéo nhau
- thiétbi phan tng doc truc hodc xuyén tam
e Theo ché d6 chuyén dong :
- thiét bi phan mg dang 6ng ;
- thiét bi phan mg khudy tron hoan toan
- thiét bi phan (mg nhiéu ngan.
e Theo trang thai ting xic tac :
- thiét bi phan ng tang xuc tac cb dinh ;

- thiét bi phan mg tang x\c tac di dong ;
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- thiét bi phan Gmg tang soi ;
- thiét bi phan g tang xtic tac kéo theo

12 PHAN LOAI CAC THIET BI PHAN UNG THEO PHUONG
THUC LAM VIEC

Tuy thudc vao phuong thire lam viée, nguodi ta chia thiét bi phéan tng thanh 3 loai :
1.2.a Thiét bi phan irng gidn dogn :

e Dinh nghia : 12 thiét bi phan tmg lam viéc theo timg mé, nghia 14 cac thanh phan tham gia
phan tng va cac chit phu gia (dung méi, chit tro) hodc cac chat xuc tac dugc dua tit ca
vao thiét bi ngay tir thoi diém dau. Sau thoi gian nhat dinh, khi phan mg da dat duoc do
chuyén hoa yéu cau, ngudi ta cho dimg thiét bi va thao san pham ra.

e Uu diém :

- Tinh linh dong cao : c6 thé dung thiét bi d6 dé thuc hién cac phan tng khac nhau tao
ra cac san pham khac nhau

- Pat do chuyén hoa cao do c6 thé khéng ché thoi gian phan tng theo yéu cau
- Chi phi dau tu thap do it phai trang bi cac thiét bi diéu khién ty dong
e Nhuoc diém :

- Nang suét thap do thoi gian mot chu ky 1am viéc dai : doi héi thoi gian nap lidu, d6t
nong, 1am ngudi, thao san pham va lam sach thiét bi

- Mirc d6 co gidi hoa va ty dong hoa thap

- Kho diéu chinh va khéng ché qua trinh do tinh bat 6n dinh ctia phwong thirc 1am
viéc gian doan

- Muc do gay doc hai hoac nguy hiém doi voi nguoi san xuat cao hon do muc do tu
dong hoa thap, ngudi cong nhan phai tiép xuc nhi€u hon véi cac hoa chat

e Pham vi ing dung :
- Chi thich hop véi cac phan xudng ning suat nho
- Phuc vu cho muc dich san xuat nhiéu loai san phém khéc nhau trong cung mot thiét
bi
L.2.b Thiét bi phén teng lién tuc :

e Dinh nghia : 13 thiét bi ma trong do cac chat tham gia phan ng dugc dua lién tuc vao thiét
bi va san pham cling duoc lay ra lién tuc. Sau thoi gian khoi dong thi nhiét do, ap suét, luu
luong va nong d6 cac chat tham gia phan tng khong thay doi theo thoi gian, thiét bj lam
vi€c ¢ trang thai O 6n dinh

e Uudiém:
- C6 kha nang co gioi hoa va tu dong hoda cao
- ning suat cao do khong ton thoi gian nap liéu va thao san pham
- chét lugng san phém 6n dinh do tinh 6n dinh cta qua trinh

e Nhuoc diém :
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- Chi phi dau tu cao, truéc hét 1a do doi hoi phai trang bi cac thiét bi tuy dong diéu
khién dé dam bao tinh 6n dinh cia qué trinh

- Tinh linh dong thép, it c6 kha nang thuc hién cac phan mg khac nhau, tao cac san
pham khac nhau

Pham vi ung dung : thlet bi phan tmg lién tyc dugc sir dung thich hop cho cac qua trinh
san xudt voi ning suat 16n, chit luong san pham dam bao

L2.c Thiét bi phén trng bdn lién tuc :

Dinh nghia : 13 thiét bj ma trong d6 ¢ thanh phan chét tham gia phan (mg dwa vao gian
doan con céac chat khac dua vao lién tuc. Sdn pham c6 thé lay ra gian doan hay lién tuc
Pham vi tng dung : dugc thuc hién ddi vai nhirng qua trinh khong c6 kha nang thuc hién
theo phuong thuc lién tuc, con néu thuc hién theo phuong thirc gian doan lai cho nang
suit thap

> = Khi tinh toan thiét ké thiét bj phan tng phai dwa trén yéu cu cua san xuit (ning sut

va chat lugng san pham). Trén co s& cac phuong trinh cin bang vat chat va can bang nhiét
- 1a nhitng phuong trinh toan hoc mé ta quan hé giita cac thong s6 dong hoc, nhiét dong va
cac diéu kién thuc hién qué trinh véi cac thong sb dic trung cho kich thudc hinh hoc cua
thiét bi nhu thé tich, chiéu dai thiét bi, thoi gian luu, ... tir d6 ¢ thé tinh toan cac kich
thudc co ban cua thiét bi.

13 NHIEM VU THIET KE THIET BI PHAN UNG

Thiét ké mot thiét bi phan tng 13 x4c dinh kich thude cua thiét bi d6 dé dat duoc hiéu suit
thu san pham mong mudn, dong thoi xac dinh nhiét dJ, 4p suat va thanh phan ctia hon hop
phan ung & dieu kién van hanh tai cac phan khéac nhau cua thiét bi.

Céc s0 liéu can thiet hay con goi la diéu kién thiét ké bao gom :

- Céc dit liéu ban dau cua dong nguyén li¢u nhu : luu lugng, nhiét do, ap suét, thanh
phan cac chat tham gia phan ung, ...

- Ché d6 van hanh cua thiét bi : gian doan hoic lién tuc, doan nhiét hodc ding nhiét,

- Yéu cau vé nang suat va chat lugng san pham.

Thiét ké t6i vu dua trén nguyén li¢u, chi phi ban dau, chi phi van hanh va gia trj thuong
mai ctia san phdm cubi ciing

14 CAN BANG VAT CHAT VA CAN BANG NHIET TONG

QUAT

1.4.a Cén bang vit chit

Can bang vat chat cho mét tac chat duoc viét dudi dang tong quat c6 thé ap dung cho bat
ky mdt dang thiét bi phan ing nao.

Trong mot phan t6 thé tich AV va mot phan t thoi gian At, can bang vat chit dang tong
quatla:
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Luong tac chat Luong tac chat Luong tac chat Luong tac chat
nhdp vao phan { —J roikhoi phan (- ) phan Umgtrong | =) con lai trong (II1-1)
t6 thé tich t6 thé tich phan t6 thé tich phan t thé tich

Hai s6 hang dau tién biéu dién khéi lugng tac chat vao va ra khoi phan t6 thé tich trong
khoang thoi gian At ;

S6 hang thtr ba phu thudc vao van tdc phan umg trong phan té thé tich AV va co dang
r.AV.At  voi r - phuong trinh van toc phan ung hoéa hoc khi khong co tré luc vat 1y
(gradient nhiét d¢ hoac nong do)

S6 hang thtr tu biéu dién luong tac chét con lai trong phan tb thé tich AV sau khoang thoi
gian At phan ung ;

phuong trinh (5-1) ¢6 thé tinh theo khdi lugng hodc theo mol.

1.4.b Cén bang nhigt

Can bfmg nhiét nham muc dich xac dinh nhiét do tai mdi diém trong thiét bi phéan ng
(hay tai moi thoi diém néu thiét b1 hoat dong gian doan) dé xac dinh ding van toc tai diém
do.

Trong mot phan t6 thé tich AV va mot phan t6 thoi gian At, phuong trinh can bing nhiét
tong quat cho thiét bi phan ung la :

hiét do tac chat Nhiét do téc chat hiét trao doi hiét tich tu
mang vao phan ( — Jmang ra khoi + Jv6i moi truong (= Jlai trong phan ( (I11-2)
t6 thé tich phan t6 thé tich bén ngoai t6 thé tich

Dang cua phuong trinh (III-1) va (III-2) phu thudc vao loai thiét bj phan Gmg va phuong
phap van hanh. Trong nhiéu trudng hop, mot hodc nhidu sé hang ciia phuong trinh trén s&
khong c6. Quan trong hon la kha nang giai cac phuong trinh con phu thudc vao cac gia
thiét vé& diéu kién khudy tron hay khuyéch tan trong thiét bj phan tng. Diéu nay giai thich
y nghia cua viéc phan loai thiét bi phan tng thanh 2 dang chinh : dang khuay tron va dang
ong.

II MO TA MQOT SO DANG THIET BI PHAN UNG

DONG THE CO BAN

1.1 Thiét bi phan irng lién tuc

bdi vai dang thiét bi nay, ta phan thanh 2 loai co ban :

II.1.a Thiét bi phén teng dang ong :

Trong thiét bi phan mg dang 6 6ng, nguyén liéu dugc nhap vao mot dau ctia ong hinh tru va
dong san pham ra & dau kia ;
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e Do thiét bi dang nay thuong hoat dong & trang thai 6n dinh, 'khong c6 su khuéy tron theo
phuong doc truc nén tinh chit ctia dong chay thay ddi tir diém nay dén diém khac chi do
qua trinh phan Ung. Vi vay, nguoi ta gia thiét rang trong thiét bi dang nay, tinh chat cua
cac phan tir trén cting mot tiét dién 1a nhu nhau va khéng thay ddi theo thoi gian ;

e Chiing ta c6 so d6 don gian cua thiét bj phan ing dang éng nhu hinh vé& bén dudi. Tir d6
c6 thé biéu dien sy phu thudc cia nong d¢ tac chat dugc xét vao chiéu dai cua thict bi
phan tng 1a mgt duong cong lién tuc va giam dan tir dau vao dén dau ra cua thiét bi.

So d6 don gian cia thiét bi phan ing dang 6ng

Téac chat

XSén pham

XAo

B e G T

XAf

Dau vao Ddura Chiéu dai thlet bi
e Thiét bi phan tmg dang nay thudng st dung 1 trong 3 loai ting x(ic tac sau : tAng xdc tac
co dinh, di dong va kéo theo.

e V& phuong dién dong hoc, chung ta c6 thé mo ta thiét bj phan Gmg dang 6ng theo so dd
sau :

Fao Fa Fat+dF4 Far
o ! A A
Vo ' \'%:
i = ;
Lrdv |
XA —» — |
v, Vo i
© U |
V >

K7 thudt - Thiét bi phan img ThS. Lé thi Nhw Y



25

e Phuong trinh (III-1) va (I1I-2) ¢6 thé dugc viét cho mot don nguyén thé tich AV :

Luong tac chat Luong tac chat Luong tac chat Luong tac chat
nhdp vao phan | — J roikhoiphan | — ) phaningtrong | =) con lai trong (IT1-1)
tb thé tich t6 thé tich phan t6 thé tich phan t6 thé tich

e Dbi v6i phuong trinh (I11-1)
S hang thu nhét 1a Fao.(1 - x4 ).At;

- Néu do chuyén héa khi ra khoi phan to thé tich 1a x5 + Ax, thi s6 hang thi hai 1a :
FAO.(I -XA- AXA).At ;

- Séhangthirbala (-ra). AV. At;

- S6 hang thir tu bang 0 vi qué trinh & trang thai 6n dinh.

Viay phuong trinh (5-1) duoc viét 1a :
FAO.(I - XA )At - FAO.(I - XA - AXA).At —(- I‘A). AV. At =0
Hay : Fao. AXpa — (-14). AV =0

Chia 2 vé cho AV va lay giéi han khi cho AV — 0, ta c6 :

dX_A: (_rA)
dv F

Ag

Vi Fao 12 luu luong ban dau cua tac chat nén khong doi, 1dy tich phan theo x5 tir x4, dén xa»
taco:

A% X.Ar dx , (VI-1)
FA0 Xal (_ r, )

Vidul:

Phan tmg phéan hiy pha khi dng thé & 650°C :
4PH;3 (k) = P4 (k) + 6H; (k)

Day la phan ting bac mdt v&i phuong trinh van toc 1a : (—rpu3 )= (10 h™") Cpps

Tim thé tich binh phan (mg dang ong hoat dong & 650°C va 4,6 at dé dat do chuyén hoa la
80% vo1 luu lugng dong nguyén li€u phosphin tinh chat ban dau 1a 2 kmol/h.

Vidu?2:

Xac dinh thé tich thiét bj phan tmg dang Ong dé san xuat 30 000 tin éthyléne/ ndm tir qua
trinh nhiét phan (pyrolyse) étane nguyén chat. Biét :
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- Phan tng bac mot, khong thuan nghich ;
- Do chuyén hoa dat 80% ;
- Thiét bi phan tmg dang nhiét van hanh & 1100°C va 6 at ;

- O 1000K, hang sb van téc k = 0,072 s va ning luong hoat ho4 ctia phan tmg 1a 82
kcal/gmol.

I1.1.b Thiét bi phan vrng dang khudy tron Iy twéng

e (06 3 cach van hanh : lién tuc (6n dinh) , gian doan va ban lién tuc.

] Y

a- Lién tuc b- Gian doan c- Ban lién tuc

* Duoc dac trung bang qué trinh khuay tron 12 hoan toan, do d6 hon hop phan tng dong
nhat vé nhiét do va thanh phan trong tat ca cac phan cua thiét bi va giéng dong ra cua san
pham. Piéu nay c¢6 y nghia 1a phan t6 thé tich AV trong cac phuong trinh can bang c6 thé
dugc lay 1a the tich V cua toan thiét bi.

e Ngudi ta gia thiét ring & dau vao cia thiét bi phan tung, ndng do cua tac chat giam mot
cach dot ngdt va dung bang nong do cuia moi diém trong toan thé tich cia thiét bi va nong
do cua dong san pham ra. Ta c6 thé bi€u dién su thay d6i nong dd cua tac chat tir dau vao
dén dau ra cua thiét bi la mot duong gap khic nhu sau :

Nong do cua tac chat

A

Cao  |ooons

Can

DPau vao Paura Thé tich thiét bi
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II.1.b.1 Thiét bi phan ‘g khudy tron hoat dong 6n dinh :

e Xét truong hop don gian chi c6 mot dong nhap lidu va mot dong san pham va tinh chét
cua cac dong nay khong thay doi theo thoi gian, nhu vay :

- Hai s6 hang dau trong phuong trinh cAn bang 1a khong d6i : Lugng tac chat nhap
vao the tich V cua thiét bi phan tng 1a Fao(1-xa0).At va lugng tac chat ra khoi thiét
bi phan g 1a Fa, (1-Xaf).At ;

- Vi hdn hop phan tng trong binh c6 nhiét do va thanh phan dong nhat, nén van tdc
phan ung la khong doi va dugc xac dinh vdoi nhiét do va thanh phan cia dong san
pham va bang (-ra ).V.At;

- Vi thiét bi phan tng hoat dong lién tuc va 6n dinh nén khong cé su tich tu tac chét
trong thiét bi, vi vdy s hang thir tu bang 0 ;

e Vay phuong trinh vat chit viét cho thiét bi phan tmg khudy tron hoat dong 6n dinh trong
khoang thoi gian At la :

FAO(I—XAO).At — FAo (I—XAf).At — (—I'A )VAt =0
\% \Y X — X po

Hay : = = (IV - 2)
FAO v CA0 (_ Iy )f
trong do : Xao VA Xar - PO chuyén hoa cua tac chét trude khi vao thiét bi va sau khi ra
khoi thiét bi ;

- luu lugng cta dong nguyén liéu (1/h)
Néu dong nguyén liéu chira cdu tir A hoan toan chua chuyén hoa, nghia 1a xa, = 0 thi :

Voo X (v-3)
FA0 (_ 9N )f

e Dé xac dinh nhiét 46 cia dong san pham nham tinh van téc phan tng, ta tinh phuong trinh
can bang nhiét cho toan thé tich hon hop phan tng V. Muodn vay, trude hét ta chon trang
thai chuan (nhiét do, ap suat, thanh phan) dé tinh enthalpie.

- Gia st enthalpie (J/kg) so voi trang thai chuan cua dong nguyén liéu 1a H, va cta
dong san pham 1a H. Goi m 1a téng luu luong cua dong nguyén liu (kg/s) (cling
chinh bang tong luu luong ctia dong san pham). Do vy, s6 hang tht nhét va thi hai
ctia phuong trinh can bang nhiét s& 1a m.H,.At va m.H.At ;

- S6 hang th ba 14 nhiét trao doi v6i mdi truong bén ngoai dugc biéu dién theo nhiét
dd moi truong ngoai T, nhiét do cua hon hgp phan ung Ty, hé s6 truyén nhiét tong
quat K va dién tich bé mat truyén nhiét S vdi biéu thirc :

K.S (T, — Ty). At
- Sb hang thir tu bang 0.
e Vay phuong trinh cin bang nhiét 1a :
m.Ho. At — m.He At + K.S (T, — T). At = 0
Hay : m(H,-He) +K.S(Th,—Tp) = 0 (Iv-4)
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e Nhiét phan ing AHg va van toc phin tmg (- ry) khong xuat hién tryuc tiép trong (IV-4)
nhung anh huong cua cac dai lugng nay dugc phan anh trong sy sai biét v€ enthalpie gitra
dong nguyén li€u va dong san pham theo cong thuec :

Hf— H() = Cp (Tf— To) + (XAf — XAo)- AHR FAo /m , kJ/kg (IV-S)

Thay (xar — Xao) tor phuong trinh (IV-2 ) vao (IV-5), ta dugc :

He—Hp = Cp (Tf—T,) + (-ra). AHg. V/m (IV-6)
e Két hop (IV-4) va (IV-5), ta dugc :
m (T, — Tr.) C, — (Xar — Xao0)- AHr. Foo + K.S (T, = Tp) = 0 (IV-7)
e Két hop (IV-4) va (IV-6), ta dugc
m (T, —Tr)C, —(-14). AHR. VFK.S (T, —Tp) = 0 (IV-8)
Vidul:
Xét phan tng pha 16ng, thuan nghich : 2,8 mol A/l

A+BSR+S

véi ki = 7 liVmol.ph va k; = 3 lit/mol.ph 1,6 mol
dugc thyc hién trong binh phan ng dang
khuay tron hoat dong on dinh c6 thé tich R

120 lit.

Hai dong nguyén li€u: mot dong
chtra 2,8mol A/l, mdt dong chua 1,6mol B/l Xpg =
duogc dua vao binh phan ung v6i luu luong K> —750/ g

thé tich bang nhau dé dat do chuyén héa cua
B ~gi(’yi han 1a 75%. Xac dinh luu lugng ctua
moi dong.

Vidu2:

Tir s6 lidu thuc nghiém sau day, tim phuong trinh véan téc phi hop cho phan tng phan hiy
phakhi: A= R+ Sxayra dang nhiét, dang ap trong thiét bi phan tng khudy trén hoat dong
on dinh :

Thi nghiém s 1 2 3 4 5

\Y 0,423 5,10 13,5 44,0 192
T=—,ph

\%
Xa (V6i Cao = 0,002 mol/l) | 0,22 0,63 0,75 0,88 0,96

voi T 1a thoi gian phan Gng
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II.1.c Thiét bi phén veng nhiéu ngin (étagé)
e Dic diém :
- van hanh lién tuc ;

- gbm nhiéu ngin, mdi ngin c6 lip canh khudy dé khuay tron lién tuc va hdn hop
phan ung s¢€ chuyén dong tir ngan dau dén ngin cudi nho chay tran. Vi vy co thé
xem day la h¢ nhleu binh phan tig khuay tron lién tuc mac nbi tlep va ndng do cua
tac chit trong mdi ngin 1a nhu nhau va giam dan tir ngan dau dén ngan cudi. Hay
ndéi mot cach khac do chuyen hoa cua tac chat trong mdi ngan 1a nhu nhau nhung
tang dan tir ngin dau dén ngan cudi.

e Néu s ngin ting dén vo cuc thi thé tich v; ciia mdi ngin s& giam dén tdi thiéu sao cho
tong thé tich 1a khong doi. Liic do, sy bién thién nong do cua tac chat giita hai ngan lién
tiép nhau 1a rit bé va ta co thé vé& mot duong lién tuc thay cho dudng gip khuc dé biéu
dién sy bién thién ndng d6 cia tac chat tir ngan dau dén ngan cudi. Do d6, dang thiét bi
phan tmg nay duoc xem 13 dang trung gian gitra thiét bj phan tng dang 6ng va dang khudy
tron lién tuc.

e Sodd:

CAO

Car

—t - - — - ——— -

O

- — -

v

Nganl Ngan2 Ngan3 Ngan4

Ta sé& xét dang thiét bi phan tng nay trong phan nhiéu binh phan ng khuay tron lién tuc.
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11.2 Thiét bi phan vrng gian doan

I1.2.a Thiét bi phén vrng khudy tron hoat dong gidn doan :
e Dic diém :
- Trong qua trinh hoat dong gian doan khong c6 dong vao va dong ra ;

- Céc tinh chat ctia hdn hop phan tmg sé& thay dbi : nong do cta tac chat giam dan va
do chuyén hoa tang dan theo thoi gian .

Nong d6 tac chat

A
XAo

XAf

»
»

Thoi gian phan Gng

e Vi vay, trong phuong trinh can bang vat chat :
- Hai s6 hang dau tién bang khong ;
- Luong chit tham gia phan tng trong khoang thoi gian At 13 (-rp).V.At ;
- Goi ANy 14 s6 mol A tich luy trong hdn hop phan tmg trong khoang thoi gian At ;
e Vay phuong trinh cin bang vat chit duoc viét 1 :
— (-ra).V.At = AN
e Ta chia ca hai vé cho At va lay gi6i han khi At — 0 :

dN
(=1 )V =—A
o
leA (I—XA)J dx
_(_ V — 0 — _N A
) dt b dt
(-r,)V=N, d;‘tA (v -9)
Sip xép lai va ldy tich phan, ta dugc : t=N,, Jé(_dri)v (IV - 10)
o\ 71y

Pay 1a phuong trinh tong quat xac dinh thoi gian can thiét dé dat d6 chuyén hoa cua
tac chat 1a x trong qué trinh ddng nhiét hodc khong dang nhiét. Thé tich cua hon hop phan
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mg va van tbc phan Gmg vAn nam trong diu tich phan béi vi ndi chung ca hai dai lugng nay
thay doi theo thoi gian.

Néu thé tich ctia hon hop phan tmg khong doi ta o :

NAn XA dX Xp Ca dCA
\4 '(l; '(')‘ J,;,(_rA)

Con dbi véi cac phan ung trong d6 hdn hop phan tng thay d6i thé tich ti 1& véi do
chuyén hoa thi :

t= (Iv-11)

e T dx
= =C A
N[ e R (e Frew
Céc phuong trinh (IY-9), (IV-10), (IV-11), (IV-12) déu c6 thé 4p dung cho ca truong

hop dang nhiét va khong dang nhiét. Trong truong hop khong dang nhiét, ta phai thiét 1ap
phuong trinh can bang nhiét.

(IV-12)

Trong truong hop nay :
e Hai sd hang dau cta phuong trinh bang khong ;
e Nhiét trao d6i véi moi trudng bén ngoai : K.S.(T, — Ty). At ;

e Nhiét tich ty trong hép hop phan tmg duoc biéu dié{l bang su bién ddi ning lugng theo
thoi gian do su bién doi thanh phan va nhi¢t do cua hon hop :

- Nhiét tich tu tir sy bién doi thanh phan 1a do nhiét phan tng va dugc tinh bang :
(AHR).(-14).V.At ;

- Nhiét tich ty tir sy bién doi nhiét do AT (trong khoang thoi gian At ) 1a m.C,.AT véi
m - khoi lugng cua hon hop phéan tng

C, - nhiét dung riéng ctia hdn hop phan tng

e Vay phuong trinh cn bang nhiét duoc viét 12 :
K.S.(Ty — Tp).At = (AH%R).(-rA).V.At + m.C,.AT
Ta chia ca hai vé cho At va 1y gi6i han khi At — 0 , ta duoc :

dT (

m.C,. —r1, JAH, . V+KS(T, -T,) (Iv-13)

Vidu:

Ong C.E. Lees va D.F.Othmer da nghién ctru phan ting tao ester acetat butyl trong mét binh
phan g hoat dong gian doan ¢ 100°C véi chat xiic tac 1a acide sulfuric. Dong nguyén liéu
ban dau chira 4,97 mol butanol / mol acide acetic. Phuong trinh van tdc & diéu kién trén duoc
xadc dinh [a:  (-ra) =k CA’

v6i: (-ra) - van toc phan Gng , mol/ml.ph
Ca -ndng do cua acide acetic, mol/ml
Héng s6 van toc phan ing & diéu kién trén 1a k =174 ml/mol.ph ;

Khéi lugng riéng ¢ 100°C ciia :
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Acide acetic =0,958 g/ml
Butanol =0,742 g/ml
Ester acetat butyl =0,796 g/ml

Mic dau khbi luong riéng ciia hon hop phan tng thay doi theo do chuyén hoa nhung do sur
dung luong thira butanol nén sy thay doi nay be. Do do, gia su khoi luong riéng cua hon hop
phan ting khong do6i va bang 0,75 g/ml.

a- Tinh thoi gian can thiét dé dat d6 chuyén hoa cia tac chat gi¢i han 1a 50% ;

b- Xac dinh khéi lwgng hén hop nguyén liéu ban dau cﬁp nap vao binh phan rng gié dat nang
suat trung binh thu ester 1a 100 kg/h va xac dinh thé tich binh phan ng. Biét rang thoi
gian gian doan gitra hai mé 1a 30 phut.
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111 AP DUNG PHUONG TRINH THIET KE

e Dé thuc hién mot phan Gng theo nhitng diéu kién cho trudc, chung ta co thé dung nhiéu
loai thiét bi phan tng khac nhau nhu : thiét bi phan Ung dang 6ng, thiét bi phan tng khudy
tron hoat dong lién tuc hodc gian doan hodc hé nhiéu thiét bj phan ing mic nbi tiép hoic
song song.

e Hai thong sd thiét ké anh huéng dén tinh kinh té ctia qua trinh 13 thé tich cua thiét bi phan
ung va hi€u suat thu cac san pham. V&1 mot thiét bi phan tng c6 két cau va thé tich thich
hop s€ cho hi¢u suat thu sdn pham chinh cuc dai, dong thoi han ché lugng san pham phu
1a cuc tiéu.

e Trong chuong nay, ta s& so sanh cic phuong an thiét ké thiét bi phan Gmg khac nhau cho
thiét bi don hodc cho hé nhiéu thiét bi phan Gng.

1.1 SO SANH CAC THIET BI PHAN UNG PON

1. 1.a T hié’t, bi phén itng khudy trén hoat dpng on dinh va thiét bi phin
ung dang ong voi phan wng bdc mot va bdc hai

e Dang phuong trinh van tdc tong quat :

1 dN
(_rA) V i

= kC"

v6i n bién d6i bat ky tir 0 + 3
e V6i hai dang thiét bi phan tmg nay, do chuyén hoa 1a ham ciia luu lugng nguyén liéu,
thanh phan nguyén li¢u, bac phan tng va hé so bién doi thé tich.
e Tatinh thoi gian lvu 3 d6i véi thiét bi phan tng khudy tron hoat dong 6n dinh :
- Vv c,Vv C,x, 1 x,(+ax,)
‘Skh = — = = = 1 . .
v F,, (_VA) k.Cl, (l_xA)

e Dbi vai thiét bi phan ing dang 6ng

Vv o C,V
36 :_:L:CAO - n—1
v F,, o(_rA) kCh

Tde, 1 ]“ (I+ax,) dx,

(1 Xy )n

Chia hai phuong trinh, vé theo vé ta dugc :

(3c), _(Cléj;v]kh _ {XA'WL (V-1)

(‘SCZOI)O - CL-V i 1+OLX
v I
6 0 o

Ao

Néu khéi lugng riéng khong ddi, thé tich s& khong ddi va o =0, ta cé :
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(JCZO)O {J (1_71() dXAL

, o~ n-1 1 _ n
Lay tich phan, véin #1: (‘S Ca ) ( XA) Kkh

men), s,

=5
véin=1: (SCIH) _ Xy

( Cr/;ol)o __ln(l_XA)ﬁ

Phuong trinh (V-1) va (V-2) dugc biéu dién bang d6 thi trén hinh (4-1). Vi cing

nong do nguyén liéu ban dau Ca, va luu luong nguyén lidu F Ao, tung d6 cta gian dd sé& cho ta
tryc tiép ti s6 thé tich ctia hai dang thiét bi phan (mg trén.

Hinh 4.1:

So sanh hoat dong cua TBPU khudy tron hoat dong 6n dinh va TBPU dang 6ng cho phan tmg
bac n. Voi cung di€u kién nap li€u, truc tung cho gia tri ti s0 Vi,/Vg
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ba (n=3)

I —

[ - Bac hai !
' (n=2)

(Cao”™ V/Fao Jang

—
o

Jknuay (Cao" V/Fag Jkhuay

Al
=1
{TC:{O )c':'n g

n—1

(rC

II1.1.h Anh hwéng ciia sw bién déi ti 1¢ nong dép ban diu ciia tic chit
trong phdn wng bdc hai
Vi phan ung bac hai loai: A + B = san phém , phuong trinh van tde 1a :
(_rA):(_rB):k’CA'CB
Hinh (4-1) cho phép ta so sanh thé tich cua hai loai thiét bi khi ndng d6 ban dau cua
hai tac chat bang nhau. Tuy nhién trong thuc té, nong d6 ban dau cua hai tic chit thuong

khong bang nhau. Ti 1& t6i vu phu thudc vao cac yéu t6 nhu : chi phi phan tach san phim ra
khoi tac chat chua phan tng, chi phi hoi luu tac chat, .

V6i M = Cpo / Cao > 1 va o = 0, thoi gian luu ctia tic chit trong thiét bj phan ung
dang ong 1a :
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5 C.V\_ 1 In M —x,
YU F, ) ke, M-1) " M(-x,)

Ao

5 B c,V B 1 X,
M= F, kC, 1-x,

Hinh (4-2 ) cho ta so sanh su hoat dong cua thiét bi phan tmg dang dng véi cac gia tri
khac nhau ctia Cpo, Fao, M va x4 v6i o = 0.

0.1
Lo ACur = 50 20 10 s 2 1 &502‘,
. - i, !J |
e e ==cian i unm
L “-\__.-"' £ Fa (TC )
s /‘J b » L4 ’ Ao M =1
" TS, | 1 /
b S
/"‘/ / ﬂ‘,‘/'/ s 4 7] 74 ;
o s / ) r" 7 s /p 7 i
7
‘\.-5 L e L 4l
Z AT LA v |/ 1T
o4 7z 1”1, = y / / /
rj - "/“ i[ rﬂ Y
,‘ ’// ,:"/ 7 / ,’ !”P‘
/\?J Y // /, pff"/;
7 Aot A / A LT W
Fa / i 4 A / -~ 4
0.1 A = - /"‘ 7 le_ Z ‘L
" ¥ rg < y
rd » o #
7 it‘;( /l fﬂ - LJ'( >
. ,'
L& i 3 , ’g’ld 7 j?
z vl -’
/ T I’
& rall " A & //
73 i 7 r &
s~ o o L7 }"f 4 /
2By arzil y
. 2y v 4 7 rd L
,"/ 1 // Khuay gian doan
7 Ay |1 / binh 6ng
e 4 : 4
001 s iz ‘ ;
0.01 0.1 T 1

1- XA - CAfCAO

Hinh 4.2:

TBPU khudy tron hoat dong gian doan hoic TBPU dang éng. Ap dung cho phan tng béc 2:
A+B—>San pham; (-rp)=kCACp, 0=0, chju anh hudng boi ti s6 M=Cp /C4 . V6i cing Cy,
Np> truc tung cho gia tri ti 0 VM=1/VM=1 hay tv=1/ TM=1

Véi thiét bi phan tng dang khqu tron, hoat dong on dinh :

5 (CLV X,
v F,, _kCAo'(l_xA)(M_xA)

5 :(CAU.V]: X,
oL F, kC,(1-x,)
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Hinh (4-3 ) cho ta so sanh sy hoat dong cua thiét bi phan ung dang khuéy tron, hoat
dong on dinh vai céc gia tri khac nhau cia Cao, Fao, M va xa v6i o = 0. Véi cung dieu kién
Fao va Cao, tung d0 ctia hai hinh (4-2) va (4-3) cho ta ti s6 cua hai loai thiét bi.

Hinh 4.3:

TBPU khudy tron hoat dong 6n dinh - Ap dung cho phan ng bac 2: A + B — San phim
(-tp)=kCACR, 0=0 chiu anh hudng béi ti s6 M=Cp,/Cao. V6i cling Cpq, Np, truc tung
cho gia tri ti s0 V\j£1/VM=1 hay TM=1/ TM=1

100 - -
] o 5 e s s s
N . . ' - —— Phan ung |—
i n’b% o ' | bac hai I~ [
¢ ST 1 INESE
. . Sy \' i i = i . .
A _
O
o
. AN e
k) ”
g // \ (gp
a L ,’ 7/
& _ 5 ; .
E \'g // ! y/f i
—3 ‘% // //I I I )
2| / / | !
ka E:‘ rd Vi V7
;ﬂ // . //
= i gl
L 10 y; —T—r—r
e o e
- = Iy ! /r
z" s/ Ba F
—; ,..\O — __../1 _7_/
o i‘.? a 3 .\‘f\/
= | = v‘/
Eul) Feat i /._,: _J_/',,.": e W
"V-'-:g ) F .
RPN sl = L |
' i || i
L, P —< /_f ...
7 ]
/ < A=10 L7~
7N = = binh 6ng 7
1.0 _! o i
0.01
Vidu:

Phan g pha long : A + B = san pham v&i phuong trinh van toc 14 :
(-ra ) = (500 I/mol.ph ) CA.Cp
dugc thuc hién trong thiét bi phan tng dang 6ng van hanh trong cac diéu kién sau :
- thé tich thiétbi: V=0,11;
- luu lugng thé tich cua nguyén liéu : v= 10,05 1/ph ;

- nong d9 cla tac chét trong nguyén lidu : Cp, = Cao = 0,01 mol/l
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Hay :
a- Xac dinh do chuyén hoéa cua tac chat ?

b- Vi cung van tbc va do chuyén hoa, tim thé tich cua thiét bi dang khudy tron, hoat
dong on dinh ?

c- Voi cung van tde, tinh do chuyén héa c6 thé dat duoc trong thiét bi bi dang khuéy tron co
cung the tich véi thiét bi dang ong ?

Khi thay d6i dong ti 16 ndng d6 ban dau cua tac chit trong nguyén liéu : Cg, = 0,015
mol/l va Ca, = 0,010 mol/l, hdy tinh :

d- Véi cung luu luong nguyén lidu nap vao, tim do chuyén héa cta A trong thiét bi dang 6ng
ban dau ?

e- Voi cung do chuyén hoa ban dau, tim ti 1¢ tdng nang suat ing voi dong nguyén li¢u méi ?

f- Tim lL;u luong nguyén li¢u can thié} nap vao cho thiét bi phéan Umg dang khuéy tron, hoat
dong 6n dinh c6 V =100 1, 3o chuyén hoda cua tac chat gioi han 1a 99% ?

111.2 HE NHIEU THIET BI PHAN UNG

II1.2.a Thiét bi phdn irng dang ong mdc noéi tiép va / hodc méc song
song
I1.2.a.1 Méc ndi tiép

Xét j thiét bj phan tmg dang 6ng mic ndi tiép va goi x1, x2, ...Xj 1ado chuyén hoa cua
tac chat A khi roi khéi thiét bi phan ung 1, 2, ..., j.

Tu can b?mg vét chit dua trén luu lugng mol ctia A vao thiét bi phan g dau tién, ta
viét dugc cho thiét bi phan ing thir i :

)CAI

Vi _ dx ,
FAo X (_ rA)
V61 j thiét bi mac noi tiép
Vo &V, WA+t
FAo ; FA() FA()
odx, P odx, W dx,
= + +
Jendey1en
_ xjij dx ,
0 (_ ’”A)

Nhu vay, voi j thiét bi phan tmg dang 6 6ng méc ndi tiép c6 tong the tich 1a V s& cho d6 chuyén
hoa dung bang do chuyén héa trong mot thiét bi phan tmg dang dng c6 thé tich V.
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II1.2.a.2 Mic song song

Déi voi cac thiét bi phan ing dang dng mic song song, su phan phdi nguyén lidu phai
dam bao sao cho thanh phan tai mdi nhanh 1a giéng nhau, nghia 14 ti sé V/F hay thoi gian luu
3 & mdi nhanh 13 bang nhau.

Nhu vay, voij thiét bi phan tng dang dng c6 thé tich 1a Vi (i=1 + j ) mic song song
s& cho do chuyén hoa dung bang d6 chuyén hoa trong mdi thiét bi phan mg va luu luong cia
tac chit nap vao hé thiét bi phan tng s& bang tong luu lugng dau vao ciia cac tac chit cua j
thiét bi phan tmg.

II1.2.b Thiét bi phan irng khudy trén bing nhau mdic noi tiép (thiét bi
phdn trng nhiéu ngan)

Xét j binh phan tmg khudy tron bang nhau méc nbi tiép. Gia sir o =0

111.2.b.1D6i véi phdn vme bac mot

Phuong trinh c4n bang vat chit cho binh phan tmg thir i viét cho céu tir A 1a :
_ C.Vi _ Vi _ Cho (xAi - xAi—l)

3, !

F,, v (_ ”A)

C,. C.
CA”KI_CAIJ_(I_ CH Cp—C
hay Si _ 4o 4o _ ZAi-l Ai
kC kC

= %:Hk&.

Cy

Véi thoi gian luu 13 gidng nhau cho tat ca j binh phan ung khudy tron co thé tich Vi bang
nhau. Do do :

Col 1 _Cu o Cin_iy
Cy l=x, C, Cp Cy l

Viét cho ca hé véi j binh phan tmg khudy tron :

(e’
~ .~ J Ao
I =73 == =22| -
J.kh J i k (CAJ.]

Dbi voi hé thiét bi phan img dang ong :

3, :llnﬁ
kK C,

Ttr cac phuong trinh trén, ta c6 thé so sanh hiéu qua hoat dong cua j binh phan g khudy trén
mic ndi tiép véi mot thiét bj dang dng hoic mot binh khudy tron riéng 1é. Két qua duoc trinh

bay trén hinh (4-7) cho phan mg bac mot va khdi lwong riéng cua hé bién ddi khong dang ké
(@=0)
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Hinh 4.7:

So sanh sy hoat dong ciia TBPU dang dng voi N binh khudy tron bang nhau, méc ndi tiép cho
phan g bac mét: A — R, o = 0. Vi cung di€u kién nap li€u, tung d6 cho Vi /VO

30
Phan ung
ke X 1 bac mot
% Q
| o S
g ~ e \df\
<12 e s o ISR S ] W .
[\'f “'S- Gt SRS A I
S 1% SO l
< ——— T
2 - =
3 il N0
g —
Sk So2 | -1 .
i ’#J..r e | /,3\
&e P2 V= 3| M \ }
C =3 5 - L
bN\hth e s Sy \ />\ 4
=] 13 q
10 - N==|N=10 ] B o T
0.01 0.1
s,
Y o W
AT Cao

I11.2.b.2 Dbi v6i phan tme bac hai

Véi phan tng bac hai loai hai phan tir (M = 1), chimg minh twong ty nhu trén cho j binh
khuay tron mac nbi tlep

1
Cpi = \/ 1+ 24/—-1+21+4C k\sj
Aj — 2k\5 ( \/ Ao
Véi thiét bi dang dng :
C

—40 =1+C k3
CA

Két qua duoc biéu dién trén hinh (4-8)

Hinh 4.8 :

‘So sanh su hoat dong ciia TBPU dang 6ng véi N binh khudy tron béqg nhau, mic ndi tiép
cho phan ng bac hai: 2A - R, A+ B — R, Cp, = Cg,, .Vai cung di€u ki¢n nap li¢u, tung
dd cho Viht/ Ve
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b
o

(CA{}! VIF ) éng

(TCao)y  (Cac®V/Fag) N binh knusy

'(TC"*DJG

Vidu:

Mot binh phan (mg dang khudy tron c6 do chuyén hoa 1a 90% tac chat A thanh san pham
theo phan tng bac hai. Ta dy dinh thay binh nay bang hai binh c6 tong thé tich bang thé tich
binh trudce.

a- Véi cung d6 chuyén hoa 90%, ning suét sé ting bao nhiéu ?
b- Néu giit nguyén ning suit nhu trudng hop mot binh, do chuyén hoa sé& ting bao nhiéu ?

c- Gia sir ta mic ndi tiép binh thir nhéat véi mot binh thi hai ¢ cung thé tich. Véi cing do
chuyén hoa, nang suat s€ tang bao nhiéu ?

d- Véi cung ning suét, d6 chuyén hoa ting bao nhiéu ?
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IV HIEU UNG NHIET PO

Pé xac dinh diéu kién tdi wu cho viéc thuc hién mot phan ung, ta da xét sy anh hudng
cua loai thiét bi va thé tich thiét bi dén d¢ chuyén hoa. Sau day, ta s€ xét anh hudng cua nhiét
dod dén qua trinh phan tng.

Dau tién, ta can biét nhiét d6 anh hudng nhu thé nao dén hiéu suét, van tdc phéan ung
va su phan phoi san pham. Tur d6 giup ta xac dinh khoang bién thién nhi¢t do t61 vu :

- theo thoi gian d6i v6i thiét bi phan tng hoat dong gian doan
- theo chiéu dai d6i véi thiét bi phan tmg dang dng

- hodc tir thiét bi phan Gmg nay sang thiét bi phan tng khac trong hé thong cac thiét
bi phan tng mic ndi tiép

.1 KHAI NIEM VE HIEU UNG NHIET DO

e Trong phan tng thu nhiét : nhiét d6 giam khi d6 chuyén hoéa tang trir khi ta thém vao hé
thdng mot lugng nhiét 16n hon luong nhiét do phan tng hap thu. Do viéc giam nong do
tac chat khi do chuyén hoa ting va giam nhiét do nén khién cho van téc phan tng giam.
Nhu vay, d6 chuyén hoa trong thiét bi phan ing hoat dong khong dang nhiét s& nho hon
khi hoat dong dang nhiét. Khi thém ning luong vao s& han ché sy giam nhiét 46 va do dé
han ché su giam do chuyén hoa.

e Trong phan ung toa nhiét : nhiét d6 tang khi do chuyén hoéa ting. Khi d6 chuyén héa con
thap, sy tang van tbc phan Gmg do ting nhiét do 16n hon sy giam vén tdc phan tng do
giam noéng do tac chat. Thong thuong do chuyén hoéa s& 16n hon cho qua trinh ding nhiét.
Tuy nhién, phan @mg phu va cac yéu to khac s& gi6i han nhiét d6 cho phép.

e Su ting van tdc trong qua trinh phan tng toa nhiét bi han ché do gi6i han cta d6 chuyén
hoa. Gi6i han cua do chuyén hoa ctia phan ng khong thuén nghich la 100%. Khi gii han
nay dat duoc thi ndng d6 tac chit va van tbc phan ung sé bang khong & bat ky nhiét do
nao. Nhu vay, duong biéu dién van tdc theo do chuyén héa cho phan mg toa nhiét hoat
dong doan nhiét co diém cuc dai nhu hinh 6-1 duéi day.

Hinh 6-1 : Sy phu thugc cua van téc phan ung theo do chuyén hoa trong diéu kién doan nhiét

A A
20 n ) . n
£ a- Thu nhiét £ a- Toa nhiét
= =
-3 Qo]
<= <
S, a.
Q- Q-
3 kS
Q Q
Ne) «Q
= ~
0 Do chuyén hoa 1™ 0 Do chuyén hoa 1™
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V.2 THIET BI PHAN UNG KHUAY TRON HOAT PONG ON
DPINH

Thiét bi phan tng khudy tron hoat dong on dinh nén nhiét do khong d6i = van toc
phan tng la hang s6. Két hop giai 3 phuong trinh : vén tdc phan tng, can bang vat chat va cin
bang nhiét, ta s& xac dinh duoc nhiét d va thanh phan ctia hdn hop phan tng khi ra khoi thiét
bi phan ung.

¢ Diéu ki¢n hoat dpng on dinh cho thiét bi phén teng khudy tron

Gia su ta xét mot phan ung khong thuin nghich, tod nhiét, bic mot xdy ra trong mét
thiét bi phan tng khuay tron doan nhi¢t. Néu khoi lugng riéng ctia hon hop phan tng khong
doi, tr phuong trinh can bang vat chat ta chimg minh duogc :

kt
A I1+kt (¢-1)
7. V \ N . b
v6i T =— la thoi gian luu trung binh
v
Néu biéu dién theo nhiét d¢, ta c6 :
Tk e—E/RT
T+ ri{ e KT (¢2)
0

voi E - nang lugng hoat hoa
Can bﬁng nhiét cho qué trinh doan nhiét dbi v6i thiét bi phéan Gng khqu trén :

m(Tf - TO )Cp

Xap = m (6-3)

Thuong thi nhiét phan tng thay dbi rat it theo nhiét do nén phuong trinh (6-3) gan nhu
biéu dién mbi quan hé tuyén tinh giita x5 va Ty - T.

V1 mot !:hlet bi phan tng va phan ung cho trqéc, nhiét d6 lam viéc va dd chuyén hoa
cua dong san pham ra dugc xac dinh bang cach giai dong thoi cac phuong trinh (6-2) va (6-3).
Loi giai ¢o6 thé cho cung luc 3 giao diém A, B, C nhu trén hinh 6-2

Chung ta biét réng diéu kién lam viéc on dinh khong thé c6 & nhimg nhiét d6 khac
nhau. Gia st nhiét do dau thap hon nhiét do tai A, T, chang han. Do chuyen héa theo (6-2)
duoc xac dinh 1a xa;. Nang lugng tod ra tai xa; s€ lam tang nhiét do dén T,. bo chuyen hoa
tuong Gng véi T, s& 14 x4, theo (6-2). Qua trinh dun néng hdn hop nay xay ra cho dén khi dat
dén diém A.

Néu nhiét do ban dau cao hon diém A va nam giita A va B, van téc phan g qua nho
dé dat dén diéu kién 6n dinh, do 6 hdn hop phan g s& ngudi vé diém A.

Néu nhiét d6 ban dau cao hon (§I1em Bva narp gitra B va C, qua trinh s& dién bién
tuong tu nhu trudng hop nhiét do ban dau thap hon diém A dé hon hop dat dén diém C.

Néu nhiét d6 ban dau cao hon diém C, hdn hop phan ung s& bi lam ngudi dé tro vé
diém C.
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Nhu vdy, ta nhan thiy rang diém B khac véi diém A va C. Mot sai 1éch nho ra khoi B,
hé théng s€ khong tro vé B. Trong khi do, mot sai 1éch nho ra khoi A va C, hé théng s€ tu
diéu chinh dé tr& vé hai diém d6 = Diéu kién tai A va C 1a diéu kién hoat dong on dinh bén,
diéu kién tai B 1a diéu kién hoat dong khong bén.

1.04 . A 13 C
Puong can bang
vt chat
N}
)
<=
=
r(g
E B
o Puong can
Q- M [N
o bang nhiét
A
XAl o ___
XA2 b o e :
' |
! |
! 1
)
| ! -~
T T, Nhigtdo T

Hinh 6-2 : Sy thay doi do chuyén hoa vao nhiét do trong thiét bi phan ung khudy tron hoat
dong doan nhiét

Vi du : Cho phan tng _pha long dong thé bac mot, thyc hién trong mot thiét bi phan ung
khuay tron 1y tuong. Nong do cua tac chat trong dong nhép li¢u la 3 mol/l, luu luong 1a 60
cm’/s. Khdi lugng riéng va nhiét dung riéng ctia hdn hop phan tmg xem nhu khong doi va
1an luot 1a 1g/cm’ va 1cal/g °C. Thé tich thiét bi phan img 14 18 lit. Dong liéu ban dau khong
c6 san pham va thiét bj phan tmg hoat dong doan nhiét. Nhiét phan tmg va vén tdc phan Gng
lanlugtla: AH, =-50000 cal/mol

(~1,)=4,48.10° """ *T.C ~ mol/cm’ s
Voi  C, - néng do tac chit, mol/cm3
T - nhiét do, K

Néu nhép liéu ban dau ¢ 25 °C, tim do chuyén hoa va nhiét d cua dong san pham ra ¢ diéu
kién on dinh

[v.3 THIET BI PHAN UNG DANG ONG

Dbdi voi thiét bi phan Umg dang 6ng & diéu kién 1am viéc On dinh, khong co6 gradient
nhiét d0 theo phuong ban kinh va sy khuyéch tan nhiét theo phuong truc vdi qua trinh doan
nhiét.
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Vi phan tng toa nhiét thuan nghich xay ra trong thiét bi phan tng dang ong : Khi tang
nhiét d6 s& lam tang van toc phan tng thuan ~nhung nguoc lai s€ lam giam d6 chuyén hoa tbi
da c6 thé dat duoc. Do vay, tai nhiing diém gan dau vao thiét bi phan ung, & d6 do chuyen hoa
clia tic chét con rat bé so voi do chuyén hoa can bang = dé tang van téc phan g, ta s& tién
hanh & nhiét d6 cao. Tai nhitng diém gan dau ra cta thiét bi phan tng, do chuyén hoa cia tac
chat da gén dat dén gia tri cua do chuyén hoéa can br:ing = sur dung nhiét do thép dé dat duoc
do chuyén hoa cao nhit. Do do, trong truong hop nay qua trinh dugc thyc hién voi nhiét do
giam dén tir dau vao dén dau ra.

Dé giai bai toan trong trudng hop nay, ta két hop giai phuong trinh cén bang vat chét
va phuong trinh can bang nhiét cho thiét bj phan ing dang 6ng.

Phuong trinh c4n bang vat cht :
VP dx,
Fro o, (010
Phuong trinh c4n bang ning lugng thu gon :

mC,dT =F, (- AH, )dx ,

Néu (-AH,) va C, khong d6i, 1y tich phan ta duoc :
(_ AHr )FAO (

mC,

T-T, =

XA _XAO)
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v THIET KE HE PHAN UNG DI THE
v.1 PHAN LOAI HE PHAN UNG D] THE

Vi ba trang thai vat chat : khi, 16ng, ran - ta gip diy du trong cong nghiép cic phan
ung két hop gilra c4c trang thai nay :
V.l.a Phén irng khi - rin :
e ¢6 thé xem 14 loai phan tng quan trong nhat trong cong nghiép hoa chat ;

e Vi pha ran la chat xac tac thuong gap trong cac qua trinh ché bién dau mé nhu qua trinh :
cracking xuc tac, isomer hoa, reforming xuc tac, ...

e phan tng v6i pha ran 14 tac chat nhu phan g nung quing FeS, ZnS, ...

V.1.b Phdn irng léng - rin :

e Vi pha ran 1a chit xtc tac, ta co phan ung alkyle hoa véi chat xtic tac 1a AICI; ;

e Trong h¢ phan Gmg nay, chit xtc tac thuong tao phtic v6i tac chat va/hay san phim tao
thanh hon hop long - ran.

V.l.c Phdn irng khi - long - rin

° Trong hé phan rng nay, mot tac chit & thé khi, mot tac chat & thé long va chét xtc tac 1a
pha ran ;

e Thuong gép trong cac phan ing khir luu huynh (HDS) cho gasoil, phan ing hydrogen hoa
dau an v6i chét xtc tac ran, phan tng polymer hoa (polymer hoa C;Hy bang cach cho hoa
tan trong mot dung moi 1ong véi chat xuc tac ran)

V.1.d Phan urng long - long

e Laloai phan tng thong dung trong loc dau va tong hop hitu co

* Vi dy nhu phan tng alkyle hoa hydrocarbon v6i dung dich H>SO4 hodc HF lam chat xuc
tac tao thanh xang alkylat c6 chi s0 octane cao hoac tao cac hydrocarbon mach nhanh.

V.1.e Phdn trng khi - long

e Laqua trinh hap thu chat khi vao chét long c6 kém theo phan tng hoa hoc trong céac thap
hap thy ;

e Thuong gép trong qua trinh khir acide cho khi thién nhién,bﬁng cach hap thu khi H,S va
CQz bang cac dung dich alkanolamine, hodc qua trinh hap thy khi SO, trong khoi thai
bang dung dich KOH

v.2 AP DUNG VAO THIET KE

Khi thiét ké thiét bj phan (mg cho hé phan tmg dj thé, chung ta gip phai hai kho khan chinh
ma trude day khong gdp trong phan trng dong the :

a- Sw phirc tap ciia phwong trinh vin toc phén ing :
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Kho c¢6 mot biéu thirc van toc ndo dé mé ta day du qua trinh phan tng. Vi c6 nhiéu
pha trong hdn hop phan g nén ta phai dé cap dén su di chuyen vat chat tir pha nay dén pha
khac trong biéu thirc van tdc. Nhu vay, ngoai nhimng yéu t6 dong hoa hoc, ta con phai xet dén
qué trinh chuyén khdi giita cac pha va qua trinh nay thay ddi theo s6 pha c6 mit trong hé va
ban chit cua pha.

b- Phwong phdp tiép xiic giita cdc pha :

Trong hé ddng thé, ta da dé cap dén hai m6 hinh thiét bi da duogc ly tuong hoa : dang
ong va khudy tron. Trong hé di the ly tuong, mdi luu chat c6 thé 1a dong chay khuay tron hodc
dang dng (lién tuc) hodc dang ran, bot (khong lién tuc). Tir d6, ta c6 nhiéu cach tiép xtc pha
khac nhau dé phan tng xay ra. Két qua 1a ta khong thé c6 mot phuong trinh thiét ké tong quat
c¢6 thé ap dung duoc cho tat ca cac cach tiép xtc pha khac nhau.

Vi nhitng kho khin trén ma van dé thiét ké thiét bj phan tmg hé di thé vin con mang
nhi€u tinh kinh nghiém dya trén cac két qua tir phong thi nghiém hay cua cac nha may trong
thure te.

Trong nha may loc dau, da sb céac thiét bi phan tmg déu c6 sir dung chat xuc tac pha
ran. Vi vy, ta s& tién hanh nghién ctru cac hé phan tung di thé vé6i chit xtc tac ran.

V.3 PHAN UNG XUC TAC RAN

V.3.a Khai niém vé chdt xuc tac

o Chat xuc tac cho vao hé phan tng nham muc dich ting nhanh van téc cac _phan tng mong
mubn va giam dén mirc tbi thiéu van toc cac phan Gmg khéng mong muon Hay n6i mot
cach khéc, cht xuc tac co tac dung 1am ting chét lugng va hiéu suét thu cac san pham
mong mudn.

e Thuc chat, theo thuyét trang thai chuyén tiép, chat xuc tac lam giam hang rao ning luong
lam cho phan ung cua céc tac chat tao san pham xdy ra dé dang hon va nhanh hon.

e (Cic tinh chat co ban cua chat xac tac : do hoat tinh , d6 Iwa chon va d6 6n dinh cta no.
e Ngoai ra, chat xuc tadc con c6 mot s6 dac diém sau :

- Cac chét xtc tac c6 cong thirc hoa hoc gidng nhau khong dam bao 1a c6 tinh chat
giong nhau, ma con phuy thudc vao cau truc vat 1y hodc tinh thé cua chiing.

- €6 dién tich bé mit riéng kha 16n do bé mit chat xuc tac quyét dinh hoat tinh cua
no ;

Hinh V-1 : Vai tro ciia chdt xiic tdc
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Khong c6 chat xtc tac, phan ting co
nang luong hoat hod cao va toc d cham

»
»

C6 chat xtc tac 1am giam hang rao
nang luong va tang nhanh toc do

\ l’\]’\aﬂ 1’1’1’\

o g Trang thai cudi
Trang thai dau

Nang luong hoat hoa cua phan Ung

»

Tac chat Hop chét trung gian San pham

chat xac tic khong tham gia truc tiép vao phan tmg hoa hoc ma chi ¢o tac dung lién
két mot hodc nhidu cau tir tao hop chat trung gian khong bén nhung c6 tinh hoat hoa
cao, d& phan tg véi cac ciu tir khic tao san pham. Sau phan mg, chit xiic tac tro
lai trang thai ban dau.

Gidsutaxétphanung: A+ B = Cvdi chét xtc tac co tim hoat hoa la L, ta c¢6 2

truong hop :

¢ Néu chat xtc tac chi lién két voi mot cu tir : (chi mot cAu tur bi hép phu trén tam
hoat héa) qua trinh phan ung trén xdy ra voi sy ¢ médt cua chat xtc tac qua 3

giai doan :
- hoat hoa ¢ tam hoat hoa : A+L= A
- phan Ung : A"+B=C

- tao san phim va hoan nguyén xuc tic :C = C+L
¢ Néu ca 2 cdu tir ciing bi hap phu trén chat xuc tac
A+L=A"
B+L=B
A"+B = C+L
ol =C+L

Véi A*, B*, C’ 1a cac hop chét trung gian khong bén, & trang thai hoat hoa

e Vivay, cac yéu cau cia mot chat xuc tac la :

C6 d6 hoat tinh cao, do chon lya 16n va 6n dinh (bén co, bén nhiét) ;
Co bé mit riéng 16n ;
Dé tai sinh ;

Co gia thanh ré.
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e Hinh dang va kich thude cua hat xuc tac :

Hat xtc tac ¢6 nhiéu hinh dang voi nhiéu kich thuéc khac nhau : dang bi cau, dang
tru va dang vién con nhdng.

Néu hat xuc tac dang bi cau thi s& duoc dic trung béng duong kinh @ ciané ;

Néu hat xtic tac dang tru hodc dang vién nhong thi s& dugc dic trung bflng duong
kinh ® va chiéu cao H cia no ;

Néu dung xtc tac v6i nhiéu dang va kich c& khac nhau thi duong kinh trung binh
cua hat xuc tac dugc dinh nghia nhu sau :

_62V

Téng dién tich bé mit cta céc hat xuc tic trong mau thd Z S

6(T(”§ng thé tich cta cdc hat xic tac trong mau thﬁ”)

d, =

Nguoi ta ciing xac dinh duoc d; tir duong cong phan phdi khéi luong hat x; = f(t;),
voi x; 1a ti s0 gitta khoi luong ctiia cac hat xtc tac c¢o kich thuoc < t; va tong khoi
lugng ctia cac hat xuc tac. Ta c6 bicu thuc :

00 _
d; t;

Véi Ax; 1a hiéu sb tung d§ cua duong cong x; = f{(t;) tinh tur t; dén t,.

e Baitap ap dung 1 :

Dung riy dé€ xac dinh kich thude clia mAu chét xiic tc cta qué trinh FCC cho két qué sau :

Kich thudc nhd hon, um | % Khéi lugng tong

150 98

100 88

80 74

74 68

40 11

30 5

20

Hay x4c dinh dudng kinh trung binh cia miu hat xtc tac.

Gidi :

ti (um) T fi+t Axi = % khdi lugng
' 2
20 0+20)/2 =10 2
30 (20+30)/2 =25 3
40 (30+40)/2 =35 6
74 40+74)/2 =57 57

Ky thudt - Thiét bi phan irng
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80 (74+80)/2 =77 6
100 (80+100)/2 =90 14
150 (100+150)/2 =125 10
> 150 X 2
Tong cong 100

Puong cong phin phéi khéiluong hat
100

90 —

/’0

80 7
70

60 /
50

/
40 7
30 /

20 /

10 P
>
S

%

i’

X
N

0 30 60 90 120

100(2 3 6 57 6 14 10 2)
== —t+t—=+t—F+—=+—+—+—+—=
d, 10 25 35 57 77 90 125 X
Vay : Néu bdqua sé hang cudi cung, ta tinh dugc :
d_1=55um

e Baitip ap dung 2 :

Hiy x4c dinh dudng kinh trung binh ctia mau hat xtc tic dang tru str dung cho qué trinh HDS
biét: ®=1,2mm; H=3,6 mm.

Giai :

— V
Taco: d, = Z Ma:H=30 =
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. bx 3 PuON
Vay : d, = 74— = 1,286® = 1,5mm
a3
2
e Xac dinh khéi luong thé tich cua ting xuc tac theo cong thuc :
pC:pP.€p+pg.(1—€p) 1—e, ep
. . | A\
Voi: pp: khoi lugng the tich cua hat xuc tac (kg/m?) o | ) ./ b
pg : khéi lugng thé tich ctia pha khi QO ®
nam gitra cac hat xuc tac (kg/m’) @) ® © ©
e, : phan thé tich clia cac hat xtic tac @ 0O @

1 — e, : d0 rong cua tang xUc tac

Ma hat xtc tac gdm nhiéu 186 xSp (mao quan), nén khdi lugng riéng cua hat xtc tic dugc tinh
theo cong thuec :

P, =ps{l=9)+p,q Xuong hat
Vé6i:  ps: khéi luong riéng ciia xwong hat (kg/m”)

q : 46 x6p cua hat

Néu ta bo qua khdi lugng thé tich cta pha khi nam

gitta cac hat xuc tac thi :

. _Pe

Pp
Va: l—qzﬁ hay qzl_&
Ps Ps

e Baitdp dap dung :

Tinh khdi lugng thé tich cta tang xiic tic ran cho thiét bi khir luu huynh cho gasoil, c6 thanh
phan 1a CoO, Mo0,0s trén chat mang la Alumine. Biét :

- khéi luong riéng cia xuong hat ps = 2231 (kg/m’) ;
- khdi lugng thé tich ciia pha khi nim giira cac hat xic tac : py = 1 (kg/m”)
- d6 xép cuahatq=0,5;
- @6 rdng cua ting xuc tac 1 — ep,=0,4
Khéi lugng thé tich ctia hat xuc tac :

pp=(-q)ps+peq=(1-0,5)x2231+1x0,5=1116 (kg/m?)
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Khéi lwong thé tich cta ting xuc tac

Pc

—p, e, +p,(l—e,)=1116x0,6+1x0,4 = 670(kg/m’)

V.3.b Co ché ciia phén ikng hé khi véi chit xiic tac rin (2 pha)

L

—_—

S

Quaé trinh phan Uimg xay ra trén hat xuc tac theo cac budc sau :

Qua trinh di chuyén chat tham gia phan tmg qua 16p bién thuy luc do két hop giita ddi luu
va khuyéch tan

Khuyéch tan vao mao quan cua hat xtc tac dén cac tam hoat hoa

Hép phu trén cc tAm hoat hoa

Phan rng héa hoc tao san phém

Nha san phdm

Khuyéch tan san phém tr tim hoat hoa ra khéi mao quan dén bé mat hat xtc tac

Di chuyén san phim qua 16p bién thuy luc vao dong khi

= Nhu viy, qué trinh phan @ng hé khi-rdn bao gdm cac qua trinh chinh sau :

1.

3.
4,

Qua trinh di chuyén chét qua 16p bién thuy luc do két hop gitra dbi luu va khuyéch tan
(budc 1 va 7). Qua trinh nay dugc goi 1a qua trinh cap khdi ngoai

Qua trinh ,khuyech tan vao mao quan (budc 2 va 6). V& nguyén ly dugc miéu ta bang dinh
luat khuyéch tan (dinh luat Fick II) va duogc goi 1a khuyéch tan trong

Qua trinh hip phu va nha hip phu (budc 3 va 5)
Qua trinh phan tng hoéa hoc (budc 4)

Qua trinh hap phu, nha hip phu va phan Gng hoéa hoc déu xay ra ¢ tdm hoat héa trong mao
quan

Hinh : Co ché qud trinh phdn ing véi chit xiic tdc rin xop

L

A- Dong khi
B- Lop bién
C- Hat xuc tac

D- Mao quan trong hat xuc tac

Qiia trinh’ khuyéch tan trong tudn theo dinh luat Fick II, néu chi xét sy khuyéch tan theo
truc hoanh x thi bién thién nong dJ cua cau tir khuyéch tan j theo thoi gian va chiéu dai

oc, 0°C;

. 1s j
mao quan la : —=D..
q ot J 8)(2
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V6i D - hé s6 khuyéch tan ctia ciu tir j

Hinh : Sw thay déi nong @6 cua cdu tir A theo chiéu dai mao quadn

CAO

v

Ca - nOng dd cua cau tir A trén bé mat xuc tac

L - chiéu dai mao quan

x - huéng khuyéch tan theo chiéu dai mao quan

¢ Qua trinh phan tng khi - rin trén goi 1a qua trinh hap phu héa hoc, cé nhing dic diém

sau .

Luc hap phu 14 lyc lién két hoa hoc

Nhiét hap phu tuong duong bang nhiét hoa hoc (khoang tir 10* + 10° kcal/kmol) va
c6 anh hudng 16n dén van tdc phan ung

C6 tinh mot chiéu < ciu tu bi hép phu trén bé mit xtc tac trd thanh chat hoat hoa
trung gian va tiép tuc tham gia vao phan ing héa hoc

lién két trén bé mat manh
hép phu hoa hoc xay ra véi timg cdu tir riéng ré
khi nhiét d6 tang thi tdc d6 qua trinh hap phy hoa hoc ting

chi xay ra & tdm hoat hoa

¢ Chung ta phan biét v6i qua trinh hép phu vét 1y, c6 nhiing dac diém sau :

Luc hép phu 1a luc Van der Walls, chi giir lai cac phén tr bi hép phu trén bé mat hat
xUc tac, cau tric phan tur cua cac phan tr bi hap phu khong bi thay doi

Nhiét hap phu turong dwong bang nhiét ngung tu va anh huong khong déng ké dén
toc do cua qua trinh

Co tinh thudn nghich

lién két trén bé mat yéu
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qua trinh hip phu hau nhu khéng phu thudc vao cau trac phan tir ma chi phu thudc
vao d¢ 16n cua phan tur

khi nhiét d6 ting thi tbc d6 qua trinh hip phu giam

C6 kha niang hap phu trén toan bé mat

Vi du : Xét qua trinh tong hop amoniac bang phuong phap hip phu : thu’O’ng duoc thuc
hién ¢ nhiét do va ap suat cao c6 xtc tac sit. Amoniac co ¥ nghia rat 16n trong cong

nghiép héa chat dé san xuat phan dam.

Nguoi ta gia thiét qua trinh trén duoc thuc hién trong cac diéu kién sau :

H, va N, bj hap phu duéi dang nguyén tir
Amoniac tao ra do 2 hop chat trung gian khong bén & trang thai hip phu

Nhu vay, co ché phan Gmg duoc miéu ta nhu sau : N, +2L <>2N°

H,+2L <> 2H
N'+H < NH +L
NH +H < NH, +L

NH, + H <> NH; + 2L

V.3.c Thiét bi phén irng xiic tdc rin mét pha lwu thé (khi hodc léng)

V.3.c.1 Tang xiic tac ¢ dinh

Kich thudc cua hat xtic tac khoang 1 + 5 mm ;

Thuong la tang xuc tac ¢o dinh doan nhiét, c6 cau tao don gian ;

So db :

Nguyén li¢u

Tang xuc tac
co dinh doan
nhiét

Ludi do tang xuc tac

l San pham

Hinh V-2 : So do thiét bi phan img 2
pha, tang xuc tdac co dinh
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e Thiét bi phan tng doan nhiét dugc sir dung ngay trong trudng hop phan tng 13 thu nhiét
hodc toa nhiét. Luc do, tang xtc tac s€ dugc chia thanh nhiéu doan dé dé dang trong viéc
dicu chinh nhiét 6 cta luu thé phan Gng.

e Ching han, dbi véi mot phan Gmg toa nhiét, ngudi ta c¢6 thé lam giam nhiét d6 cua dong
luu thé ra khoi moi doan xtc tac bang cach cho qua mot thi€t bi trao déi nhiét hoac cho
phun vao mét dong luu thé lanh. Dong luu the lanh nay c6 thé 1a dong 16ng hodc dong khi,
thong thuong nguoi ta sit dung ngay moét trong nhitng tac chat dé lam lanh.

Néu goi T, : nhiét d0 cia dong luu thé di vao tﬁng xtc tac thir nhat
T, : nhiét d6 cua dong luu thé ra khoi ting xtc tac thir nhat
T, : nhi¢t d cua dong luu thé di vao tﬁng xuc tac thir hai
Ts : nhiét d6 cta dong luu thé ra khoi ting xtc tac thir hai
Nhu vay, khi dong luu thé di qua tang xuc tac thir nhét thi s& dat duge do chuyén hoa
x; va nhiét do s€ tang tur Ty 1én T;. Sau do, nho dong luu thé lanh hodc qua mdt thiét bi trao
d6i nhiét bén ngoai ma nhiét d§ cua dong luu thé s€ giam tr T dén T, va di vao tang xuc tac
thr hai. Sau khi di qua tang xuc tac thir hai thi s€é dat dugc do chuyén hoa x, va nhiét do sé
tang tur T, 1én Ts. Nhu vay, sau khi qua hai tang xtic tac, d¢ chuyén hoa dat dugc sé 1a :
X=X +X»
Déng thoi d§ chénh nhiét do gitra dau vao va dau ra & mdi tﬁng xuc tac bé hon, dam
bao cho di¢u kién van hanh doan nhiét cia thiét bi phan ung.

Hinh V-3 : Hai phwong thirc lam ngudi tang xiic tdc

a- Dung luu thé lanh b- Trao ddi nhiét bén ngoai
T, To
//
—— ) ]
__T1 / T,
X -— chc ting
Lwathélanh ...~ cactans
tru the Tan xuc tac
) \\

\1<T3 \l<T3

Hinh V-4 : Puong biéu dién sw bién thién cia do chuyén hoa theo nhiét do cua tc”ing
Xuc tac
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XA A

X1

»
»

To T, T; T, nhiét do

e D6i v6i phan mg thu nhiét, nguoi ta phai tién hanh dbt néng lai dong luu thé giita cac
téng xuc tac. Tuy theo nhiét &6 van hanh cua thiét bi phan ing ma s€ st dung thiét bi trao
dbi nhiét hoic 16 dé dbt nong lai dong luu thé. Cu the trong qua trinh reforming xuc tac,
ngudi ta thudng bé tri 3 hodc 4 thiét bi phan ing mic ndi tiép, co cac 1o dbt xen ké.

e Trong truong hgp phan Gng thu nhi¢t hodc toad nhiét manh, ngudi ta bt budc phai cép
nhiét hoic loai bot nhiét ngay trong tang xuc tac. Chét xac tac sé duge nhdi trong mot hé
chum 6ng song song va hé chum 6ng nay duoc dit trong 1o ddt, duge dét truc tiép bang
cac mo ddt (trong truong hop phan Gng thu nhiét manh) hodc ching s& dugc nhung chim
trong mot dong luu thé lanh (trong truong hop phan g toa nhiét manh). Pé dam bao qua
trinh trao doi nhlet bén ngoai 6ng va trong long chit xac tac duge tot, ngudi ta thudng
thiét ké hé chum 6ng c6 @ < 60 mm.

e Dbi v6i phan g bac 1 (A; = A, ), gia st hé phan mg 1a doan nhiét, phuong trinh cén
béng nhiét dugc viét nhu sau :

K;A¢SH K;AgV
Car = Cao eXP(— %) = C o exp(— %)

V6i: Cao-ndng dd cia cu tir A; & ddu vao cua thiét bi phan tmg (kmol/m?)
Car- ndng do cua ciu tir A; & dau ra cua thiét bi phan tng (kmol/m?)

K, - hang s6 dong hoc cua qué trinh khuyéch tan cta cau tor A; dén bé mat ngoai cta
hat xuc tac ;

Ag - dién tich bé mat riéng cua hat xtc tac, bang ti so gilra tong dién tich bé mat cua
’ ) ’ A Ao 5 A J 7 -1
cac hat xuc tac trén thé tich cua tang xtc tac (m™)

v - Iuu lugng thé tich ciia hdn hop phan ting (m’/s)
S - tiét dién ngang cua tang xtc tac (m?)
H - chiéu cao cua tang xtc tac (m)

V - thé tich cua tang xtc tac (m’)
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Trong cong thirc trén, thoi gian tiép xtuc I cia cau tir A; v6i chat xuc tac dugc tinh bang :
JI=VNv (s)

Nguoi ta dua ra mot khai niém méi 1a van tde truyén thé tich VVH hodc van tdc truyén khéi
luong PPH :

Iuiu ligng thé tich clia nguyén liéu (m* / ) o

—
S—

VVH = l > — PR 3
3 thé tich cua tang xuc tac (rn )
PPH =VVH x££

Pc

Véi:  pr - khoi lugng thé tich ctia hdn hop phan tng & diéu kién xac dinh VVH
pc - khoi lugng thé tich ciia tang xuc tac.
e Thong thuong, ngudi ta xac dinh VVH ¢ diéu kién nhiét do va 4p suat & dau vao cia thiét
bi phan Ung. Tuy nhién, trong mdt s6 truong hop nguoi ta xac dinh VVH ¢ dicu kién
chuan 15 °C.

e Trong thyc té, ti s6 gitra chiéu cao H cua tang xuc tac trén dudng kinh ctia hat xtc tac phai
16n hon 50 :

£>50
d

p
e Trong truong hop luu thé 13 pha 1ong thi ti s6 nay rat 16n, khoang 10* ;

e Ton thét 4p suit cho phép trén mot don vi chidu dai cia tang xuc tac phai <2500 Pa/ m dé
dam bao qua trinh van hanh cua thiét bi phan tng. Gia tri cua ton that ap suit qua tang hat
xuc tac dugc xac dinh bang biéu thirc ciia Ergun :

AP 8127 HiVsr & piVs
I_I_A(l_gp)3 d; +B(1_gp)3 d

Véi: e, : phan thé tich cua cac hat xtc tac ;

P

Vsr : van tde bé mit caa luu thé ; d6i vai pha léng : Vgr > 1 cm/s

pr - 4o nhét dong hoce cua luu thé ;

A, B : cac hé sb ; ddi voi cac hat xtc tac dang bi cuthi: A=150:B=1,75
V.3.c.2 Tang xic tac di dong

e Cac hat chat xuc tic chuyén dong tinh tién trong thiét bi phan img dang dng tir trén xubng
dudi tac dung cua luc trong truong ;

e Theo chiéu chuyén dong cua luu thé, nguoi ta phan biét :
- thiét bi phan Gmg xudi dong : néu luu thé chuyén dong tir trén xudng ;
- thiét bi phan Gmg nguoc dong : néu luu thé chuyén dong tir dudi én ;

- thiét bi phan Gmg chéo dong : néu luu thé chuyén dong theo phuong ngang.
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Ta xét chu yéu thiét bj phan Gmg chéo dong, thudng dugc sit dung trong qué trinh
reforming - xac tac dugc tai sinh lién tuc (régénératif) :

- Trong d0, chat xuc tic chuyén dong gitra 2 16p ludi try dong tam. Nguyén li¢u s€ di
qua 16p ludi ngoai, xuyén ngang tang xc tac va san pham duoc 1iy ra qua 16p luédi
trong.

- Tbn thit ap suét qua 16p xuc tac ciing c6 thé duoc xac dinh qua biéu thure cua Ergun.
Tuy nhién, trong truong hop nay phai xac dinh gia tri (1 —ep) : do rong clia tang x0c
tac di dong mot cach chinh xac bang thuc nghiém cho mdi loai chét xuc tac.

- Su tuan hoan cua chit xic tac thuong dugc dam bao bing thiét bi nang khi dong
thang dung. Khi chat xtc tac di xudng phia dudi cta thiét bi phan tng hodc thiét bi
tai sinh (c6 mat d¢ sit ddc : phase dense) s€ dugc dua vao by phén nang khi dong
(Hinh 7.11). Lac d6, dong khi thir cip sé& déy cac hat xuc tac vao dng nang chinh
gila, tai day, ching lai duoc dong khi so cap kéo 1én (co mat do loang : phase
diluee) dén binh chira chat xtic tic ¢ phia trén. Tir d6, chung lai chuyén dong xubng
thiét bi phan g dudi tac dung cua luc trong truong. Nhu vay, luu lugng chét xtic
tac tuan hoan lién tuc trong hé théng duoc diéu khién boi nang suét cua thiét bi nang
khi dong.

V.3.c.3 Tang xiic tic sbi

Trong trudng hop ndy, tang xic tic & trang thai ting soi do cac hat chit xuc tac dugc kéo
1én (bdi mot hay nhi€u luu thé chuyén dong tir dudi Ién trén) roi lai roi xudng dudi tac
dung cua lyc trong truong.

Theo ban chét cua cac luu thé, ngudi ta phan biét :
- Tang soi khi - rdn ;
- Tang sdi long - ran ;
- Tang soi khi - 1ong - rén ;

Chuyén dong tang sbi clia cac hat chit xuc tac chi dat dugc khi van téc chuyén dong tur
duéi 1én cua luu thé vuot qua mot gi61 han nao d6 va dugc goi la van tdc bé mat tbi thiéu
cua luu the (Vsp)m: vuot qua van toc nay, tang xdc tac & trang thai ting soi ; bé hon van
tdc nay, tng xc tac trd vé trang thai cb dinh.

s 5 \I/2
33,74, (1+376x10 (or = Pr )ppdpg] .

V =
( SF)m dppF lu;

Khi cho mét dong luu thé di tir dudi 1én qua mot tﬁng xUc tac ran, nguoi ta do do tdn that
ap suat phu thudc vao van téc bé mat Vgr cua luu thé va thu dugc mdt duong cong nhu
hinh 7.13.

Khi Vg < (Vsp)m: Tén thit ap suét tang khi Vg tang.

Khi Vsr > (Vsp)m: Tén thét ap sudt khong ddi khi Vs tang. Lic d6, khdi lugng biéu kién
clia tang xuc tac xem nhu khong d6i

Khi Vsg = ur: Ton that ap suét giam khi Vgr tang, voi ur la van tdc kéo theo cac hat xtc
tac. Luc do, luc kéo cua luu thé s€ thang luc trong truong va hat chat xtic tac sé bi kéo
theo dong luu thé.
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R A d, V.
e Chuan so Reynolds : Re = M

HE

_ d2
e KhiRe <1 : X4c dinh ur theo dinh luat Stokes : u, = —('0 » = Prle P

1841,

- d
e KhiRe> 10’ : Xac dinh ur theo dinh luat Newton :  u; = 3,1—('0P prle L
PrF
e Khil<Re<10’: Aip dung cong thirc : InC, =-5,50+- 69,43
In(Re)+ 7,99

Vi Cp : hé s kéo theo ;

- d
Va tinh ur theo cong thuc : u; = iw
3 Cppp

.

AP tong cia tAng xuc

Tang xtc tac

Tang x1c tac soi
kéo theo

Tang xuc
tac co dinh

(VSF)m Ur Vsr (n1/s)

e D@ tranh sy kéo theo nhiéu hat xuc tac theo cac dong luu thé, ta chon van toc bé mit caa
dong luu thé sao cho :(VSF )m <Vy <u;

Tuy nhién, van toc bé mit t6i thiéu (Vsp)m duoc tinh trén co so dudng kinh trung binh
d, cua tang xuc tac, trong khi d6, doi voi ur thi dugc tinh trén co s¢ d, 1a duong kinh trung
binh cua cac hat bé nhat.
e Trong truong hop thiét bi phan tng tang xuc tac kéo theo, nguoi ta phai c¢b ging tao cho

dong luu thé mot van téc bé mat Vs t6i thiéu bang ur twong tng véi duong kinh cua cac
hat 16n nhét s& duoc kéo theo bai dong luu thé.
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V.3.d Thiét bi phén irng xiic tdc rin nhiéu pha

V.3.d.1 Thiét bi phin ieng ba pha véi ting xiic tic cé dinh

e Tuy thudc vao chiéu chuyén dong cua hai pha khi va 16ng ma phéan thanh 3 loai :

- Hé xuoi dong chuyén dong tur trén xuong ;
- He¢ xudi dong chuyén dong tir dudi 1én ;

- Hénguoc dong ;

A- Hé xuéi dong chuyén B- Hé xubi dong chuyén
dong tur trén xuong dong tur dudi lén
Khi Long Khi + Long
—>
Tang xtic
tac co dinh
AN
// N

Khi + Long

C- Hé nguoc dong Khi Long

Khi

Long

Khi —p

Long
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V.3.d.1.1 H¢ xuéi dong chuyén dpng tir trén xuéng :
e thuong dugc st dung nhét do dé& vén hanh ;

e hiéu suit cua thiét bi phan tmg phu thudc vao hiéu suét cua dia phan phdi 1ong & phia trén
tang x1c tac ;

e Luong long tbi thiéu dé tham udt toan bd tang xic tac :

1/5
= 047x-L (,ULPL] 535
d, g

e Ton that ap suat trén mdt don vi chiéu dai cua tang xac tac duoc xac dinh theo cong thuc

sau :
AP
(Fj =056~ g(IBL Pr T (1 -5 )pc)
LG
Véi B, —Hé s6biohoa 16ng va dugc tinh theo biéu thuic :
B o =1-10" Véi  T=122xX>" x Re;"* xWel™

14 Ve .d Ve .d .
X, = Lo Re, = Prrsly We, = Prrsdy (chuén $0 Weber)

Va N PL Hy o

1/3
2 V2 7. N \ ? ? ’ , 16\l —e i
8,.=F, ZPes6 Véid, la dudng kinh thuy luc cua hat xtc tac : d,, = d p(%
h P

Va:  F,=x(B13+175xx")  Véi: x=X,(Re, We, "™
X,,Re, ,We,,T',x,F,, déulacdc dai lugng khong thii nguyén

e Ta ciing tinh dugc phan thé tich ctia thiét bi phan tmg bi chiém chd boi pha long va pha

khi theo bicu thurc sau :
ee=Pr(l-¢) va e¢=(1-Pr) (1 -¢p)

V.3.d.1.2 He¢ xudi dong chuyén dong tir dudi 1én

e Khong can bd phan phan phdi 10ng ma van dam bao pha long tham wdt toan bd cac hat
xUc tac trong tang xuc tac ;

e Chi sir dung trong trudng hop ning suat nho, dic biét ddi v6i cac mo hinh thiét bi phan
ung thi nghiém ;

e Ton thit ap suit ciing dwoc tinh nhu truong hop trén voi gia thiét ring tang xuc tac 1a c¢b
dinh, cac hat xtc tac khong bi kéo theo bdi cac dong luu the di 1én.

V.3.d.1.3 H¢ ngwoc dong

e Duoc tng dung trong mot s6 qua trinh thuc té, nhit 1a D6i v6i cac qua trinh phan tmg can
bang ;

e Dic bi€t hiéu qua d6i voi thiét bi « chung ct - phan mg » (distillation réactive) sir dung

trong qua trinh tong hop MTBE. Chat xtc tac trong truong hop nay 1a nhya trao doi ion
dang bi cau, duong kinh khoang 1 mm. Day 1a thiét bi két hop giira thap chung cat va thiét
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bi phan tng, trong d6 khu vuc phan tmg ndm & phan trén v6i nhiéu ting xtc tac. Nhu vy,
ngudi ta thyc hién dong thoi qua trinh tach MTBE san pham va qua trinh chuyén héa iso-
buténe. Theo nguyén tic Le Chatellier, voi mot phan tng thuan nghich, khi ta tién hanh
loai mot cu tir nao dé thi can bang s& dich chuyén vé phia tao thanh ciu tir nay. O day,
san phim MTBE tao thanh dugc tach ra lién tyc nho chung cat nén can bang cua phan tng
dich chuyén triét dé vé phia tao thanh MTBE nén hiéu suat chuyén hoa iso-buténe rat cao.

V.3.d.2 Thiét bi phan (g ba pha v&i tAng xtic tac s6i (A lit bouillonnant)

e Sodd:

San pham
Khi + Léng

Muc 16p

s - -
Ltk .

Tang xuc
tac so1

R AT F e TR R

ot

u
=Y

Long

e Hai pha long va khi vao thiét bj phan tmg, di tir dudi 1én va tao ra trang thai chuyén dong
s0i dudi dang huyén phu cho cic hat xuc tac co duong kinh khoang 1 =+ 5 mm. Sau do,
hdn hop san pham khi - 10ng di ra tir phan trén cta thiét bi phan tng ma khéng kéo theo
cac hat xuc tac.

e Xac dinh véan téc bé mit tdi thiu cua cac luu thé : Ta ap dung biéu thirc da duoc dé cap
dén trong phan thiét bj phan tng ting s6i xuc tac ran 1 luu thé, nhung & day s& bao gém
hai dai lugng tinh cho hai luu thé long va khi.

_ 1/2
_ 3374, 3,6x10 5(pP ~— P )pLd;g -
( SL)m - 1+ 2 1
deOL Hy
_ 1/2
_33.7u, 3,6x10 S(IDP ~ Pq )de;g
(VSG )m = 1+ 5 -1
dppG Heg
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e Tbn that ap suit duogc tinh don gian dya trén ap sut tinh :
AP = (ppep + prec + peeg) Hg

Vi H - chiéu cao cua ting xuc tac soi.

Va ep dugc xac dinh theo cong thuc :

eL — 1’5 04(FI")80’086 (Fr)(L),234 (Re)20,082 (We)0,092

- . y2 . Ve
Vi Fr - chuan so Froude Z(FV)G =5 va (Fr)L — S
gdp g.d,

. V..
We - chuén sé Weber : We = 561
o

Ta lai c6 biéu thic : (e, +e,, )= L40(Fr);" (We)™ " =1-e,

Tir d6 ta tinh duoc ton that ap suit AP va nén cong thém gia trj ton that ap suit do dia phan
phoi long khi.

V.4 Phdn ting ran - lieu chat khong xiic tac
V.4.a Dai cwong

¢ Xét cac phan Gmg xay ra gitra pha khi (hodc pha 10ng) voi pha ran khong phai 1 chat xuc
tac :

A (lwu chdt) + bB (rdn) = san pham & pha long (pha khi) /pha rdn hodc cd hai pha
¢ Chialam 2 loai :
e Nhimg phan tmg trong d6 hat ran khong thay d6i kich thuéc dang ké nhur :
- phan tg oxy héa hodc phan (mg ngung quing dé cho oxyt kim loai :
27nSRy + 30,k = 2Zn0R) + 280,
4FeSr) + 110,x) = 2Fe;03r) + 850,
- phan tng diéu ché kim loai tir oxyt kim loai :
Fe;04r) + 4Hyx) = 3Fer) + 4H,0)
- phan ing ma kim loai dé bao v¢ bé mat kim loai :
2e-+Cu’') + Mgk, =M+ Cu
e Nhimg phan tmg trong d6 kich thudc hat ran thay doi dang ké nhu :
- phan Uing chdy cuta than, cui :
Cr + O2) = COxx)
Cw) T Oax) = 2C0;
Cr) T COyk) = 2CO,

- phan ng san xuat carbon disulfur :
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750+1000° C

- san xuat cyanur natri ttr Natri amid :

> CSz(K)

800°C
NaNHz(L) + C(R) —_—> NaCN(L) + H2(K)

. Hat phan ung Hat phéan tng
Hat ban dau mot phan hoan toan

Hat cudi cung kich
thude khong doi

Thot gian

Thoti gian
) —

e

Hat ban diu

Hat co rut
™\ Thoi gian Thoi gian Thoi gian ~ theo thoi gian
L) —— > {:} » © vacudicung
bién mat

Tro hodc san pham
khi Iam hat co rut

V.4.b Mo hinh phdn irng

¢ D¢ thiét 1ap biéu thirc van tdc phan ung rin - luu chat khong ¢ chit xuc tac, ta phai xac
dinh rd mo hinh phéan Ung x4y ra. Néu da chon mo6 hinh thi phai chap nhan bicu thirc van
toc tuong duong va nguoc lai.

¢ (06 2 mo6 hinh duogc ly tudng hoa don gidn la :

* Mo hinh chuyén héa lién tuc : tac chat khi (hodc 16ng) xdm nhép vao cac hat chat
ran va phan Ung xay ra O khip hat ran, lién tuc voi van téc khac nhau trong hat ran.
Nhu vy, tic chat ran tham gia phan (mg lién tuc trong toan bo hat

o Mo hinh loi chua chuyén héa : tac chat khi ban dau chi xAm nhap vao 16p vo ngoai
ctia hat rin va phan tng chi xay ra & 16p vo ngoai ndy. Vung phan tng sau do tién dan
vao bén trong, bo lai & bén ngoai 16p vat cht d3 hoan toan chuyén hoa va nhiing chit
tro (tro). Nhu vy, tai thoi diém bAt ky luon luon tdn tai 16i vat chit chua chuyén hoa
c6 duong kinh giam dan theo thoi gian phan Gng

K7 thudt - Thiét bi phan img ThS. Lé thi Nhw Y



65

Do chuyén hoa thap Do chuyén hoa cao

»
»

Nong do tac cht rin

Hinh : Mé hinh chuyén héa lién tuc

¢ Thuyc té cho thdy : mé hinh 16i chua chuyén héa phan anh dwoc nhiéu trudng hop cua

Tro Loi chua
phan ung

Do chuyén hoa thip Do chuyén hoa cao

._ { :'.I 1 i

1 4 1 1 1 1

1 1 1 1 1 1

:l L l: : [ : : NN :

¥ | ¥ | Lo\ A
\)g A 1 " A o 1 A NN 1
o 1" 1 [N 1 o 1 u'ng 1 [ 1
- 1 1 1 1 [ 1 1 [ 1
3 1 | 1 1 [ 1 1 (N 1
= | T | | T | | |
o I | | | | | | | |
Q 1 1 1 1 1 1 1 1 1
Nasi 1 1 1 1 1 1 1 1 1
+ 1 1 1 1 1 1 1 1 1
©- 1 1 1 1 1 1 1 1 1
<o | | | | | | | |
oL | | | | | | | | |
=) 1 1 1 1 1 1 1 1 1
A I N ER I H R

O R™ R O R™ R O R 7

Hinh : M6 hinh 16i chwra chuyén héa

phan tmg luu chét - rdn mot cach kha trung thuc (ta thu(yng quan sat thdy mot 16p tro bao
boc 16i tac chat chua phan ing) = dung m6 hinh nay dé thiét lap phuong trinh van toc va
sau d6 ap dung vao thiét ké. Dé thuan loi, ta xét luu thé xung quanh chat ran 13 chat khi ,
v6i chat 1ong chimg minh hoan toan twong ty

V.4.c Vin téc phin irng theo mé hinh 16i chwa chuyén héa

Mo hinh bao gdom 5 giai doan xay ra nbi tiép nhau :

1- Tac chat khi A khuyéch tan qua 16p phim khi bao boc xung quanh hat ran (16p bién thuy
luc) dé dén bé mit ngoai hat ran

2- Tac chat khi A tiép tuc khuyéch tan qua 16p tro dé dén bé mat 15i chit ran chwa phan ting

3- phan tng giita tac chat khi A va chét ran xay ra trén bé mit 16i chat ran chua phan tng
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4- Cac san pham tao thanh & thé khi s& khuyéch tan qua 16p tro dé dén bé mit ngoai hat rin

5- Cac san pham tao thanh & thé khi sé tiép tuc khuyéch tin qua 16p phim khi dé nhap vao
trong dong khi

Mb hinh trén day 1a mé hinh tong quat, c6 nhiéu truong hop s& thiéu mot hodc nhidu
giai doan trén, chiang han san phim khong sinh ra san phdm khi hodc phan tmg khong thuan
nghich thi giai doan 4 va 5 s& khong tao nén tr¢ lyc nao cho phan ing. Ngoai ra, ta con co thé
don gian héa mo hinh bang khai niém giai doan kiém soat van tdc vi cac giai doan xay ra lién
tiép nhau va khong nhét thiét trd lyc cua cac giai doan trén déu c6 cling do 16m.

Xét phan tmg mot chiéu : Ak)+bBr)— San pham
‘Dé don gian viéc phan ticl} mo hir}h 161 chua chuyén hoéa, ta xem hat ran la hat don
hinh cau va céc giai doan thanh phan c6 thé dugc xem nhu thude 3 dang tré luc chinh :
- trd lyc do khuyéch tan qua 16p phim khi
- tr6 luc do khuyéch tan qua 16p tro
- tr¢ lyc do phan tng

V.d.c.l Giai doan khuyéch tan qua lép phim khi 1d giai doan kiém sodt

""" Bé mit 15i
chua phéan tng

3:'5'\ Bé mit hat

E
- A
S
o  Cak
o _
Nav]
~N—
Q-
ko]
[N}
=
~<Q
Z
Car = Cad >

Goi: R - ban kinh cua hat rin ban dau
- ban kinh 15i chua chuyén héa

Caks Car Cac - ndng do tac chit A trong dong khi, tai bé mat hat ban dau va tai bé
mat 161 chua chuyén hoa
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Trong trudng hop ndy néng do cua tac chat tai mit giao tiép gitta 16p phim khi va 16p tro ludn
luon bang 0 : Cpy - Ca, = Cpx = const tai moi thoi diém

Vi phan tng khong thuan nghich : Ca, = Cp. =0

Tt phuong trinh ti lugng, ta c6 : dNg = bdNy, nén biéu thirc van tdc c6 thé viét 1a :

(—1‘ ):_i_dNB:_ 1 .dNB:_ b dNA
B SO dt 47'|;R2 dt 47[R2 dt
Zbkk(CAk—CAr)ZbkaAk:COHSt (1)

Véi : ky 12 hé s6 truyén khdi ctia A trong pha khi, m/s

Néu goi pp la khdi lugng mol cia B, ta dugc :

4_ 3
Np =pg-Vp :PB-(gmcj (2)
Véi Vi, 1a thé tich cua hat ran hinh cau. Liy vi phan phuong trinh trén :

dNg =bdN =pgdV} = 4pB7rrC2 dr, (3)

Thay (3) vao (1), ta dugc biéu thic van téc biéu dién sy bién thién cta ban kinh 15i chua
chuyén hoéa theo thoi gian :

2 2
(_ B):_L.dNB _ 1 '4anrC dr, __PBIg .drc _ bk, Cap (4)
Sy dt 47R 2 dt R2 dt

Sap xép lai va ly tich phan :
5 t
——0 J.I'C dI'C = bkk CAkJ‘dt
0
Twr d6 tinh dugc thoi gian can thiét dé dat dén do chuyén hoéa nao d6 :
3
(—_PBR I (T
3bkC R
Néu goi 0 - thoi gian dé hat rin phan img hoan toan <> 1. =0, ta c6 :
3
R t T
g=— Bty [l
3bky Cax 0 R
Va goi xg d6 chuyén héa cua hat ran :

4

_ Thé tich I5i chua chuyénhéa 3¢ ( T, f
4 g3 R
3

XB = 2,/ A ?
B Thé tich ban dau cua hat

t r. Y’
Do d6 : —=1-|=| =xp
0 R
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V.4.c.2 Giai doan khuyéch tén qua Iép tro la giai doan kiém sodt

Trong trudng hop nay, viéc phén tich thiét 1ap phuong trinh vén tdc kha phic tap vi 16i chua
chuyén hoa cang lic cang co lai lam cho bé day 16p tro cang ngay cang tang thém, nghia la
tro lyc cua 16p tro tang theo thoi gian. Ta chia giai doan nay thanh 2 giai doan nho :

¢ Giai doan 1 : trong giai doan ndy, c6 thé xem kich thuéc 15i khong ddi, trong khi A
khuyéch tan qua 16p tro dé vao bén trong. Pidu nay ciing hop 1y vi A c6 thé di chuyén
qua 16p tro v&i van tdc gap ca ngan 1an van tdc 16i co rit (twong tng véi ti sé khdi luong
riéng ctia chit ran va chat khi). Do d6 gradient ndong d6 A qua 16p tro khong dbi theo thoi
gian. O trang thai 6n dinh ndy, van toc phan tng s& twong ng véi van téc khuyéch tan
qua bat ky mit cau nao cia 16p tro. Aip dung dinh luat Fick II :

_ AN,

dC
= 4Tcr2.DAe A (5)
dr
Trong d6, Dy 12 hé s6 khuyéch tan cua tac chat khi qua 16p tro, m*/s. Thuong rat kho
xac dinh gia tri cua dai lugng nay vi tinh chat ctia 16p tro rat nhay voi céac tap chat khong tinh
khiét trong chat ran va sy bién d6i mdi trudng xung quanh hat.

Lay tich phan qua 16p tro v&i r bién thién tr R dén r. :

N rc CAC :0
—d—A d—;:4ﬂ3.DAe IdCA
dt RT Cak=Ca:
N
= —d—A(i —lJ = 4TC'DAeCAk (6)
dt \r,

¢ Giai doan 2 : trong giai doan nay, ta cho kich thudc 161 chua phan ung thay d6i theo thoi
gian. L1 cang luc cang giam déan kich thudce trong khi do bé day cua lop tro tang Ién, lam
giam thong lugng khuyéch tan cua A. Phuong trinh vén toc bay gio chira 3 bicn s0 : t, Na,
1., do d6 phai khtr bot 1 bién theo 2 bién kia trude khi lay tich phan.

Thay phuong trinh (3) vao (6), tich bién s6 va ly tich phan ta duoc :

C

(1 1 t
—PB J(—__j re dr, =b.D s Cai [dt
R\ Lc R 0

Hay thoi gian can thiét dé dat dn do chuyén hoa nao do:

2 2 3
(__PBR" |, . r_cj 2 r_cj
6bD 5 Cap R R

2
. , R
Thoi gian 6 d€ hat ran phan Gng hoan toan < r.=0,tacd:0 = PB ( )
bD 4 Cax
t T 2 T, .
=>—=1-3 | +2[=
R R
, . t
Hay tinh theo d0 chuyén hoa xp cua hat ran : 6:1—3(1—)(3)2/3 +2(1—XB)
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V.4.c.3 Giai doan phdn ime hda hoc la giai doan kiém sodt

Trong trudng hop ndy, phan tng khong chiu anh hudng ciia 16p tro ma chi phy thudc vao bé
mat ngoai cua 16i : S, =4n I‘C2 . Do d6, biéu thirc van téc phan tmg dugc cho boi cac phuong
trinh (1), (2) va (3) :

L dNg b dNA e )

4mr?  dt 47trc2 dt

C

re LY A ., A ~ 5 ~ A ey 1~ -1
Vi k; 1a hang s0 van toc phan ing bac mot xay ra trén bé mat 151, s

. 1 4 r2 dr, dr
Két hop (5) va (3), taduge : ————PBTTe Te o e _py )
47ch2 dt dt
I, t
Hay : —pp - [dr, =bk, Cpy [dt
R 0
Suy ra, thoi gian can thiét dé dat dén do chuyén hoa nao do : t= PB (R—rc)
bk, Cak
o 2 < 2 \ \ . pBR
Thoi gian 6 d€ hat ran phan tng hoan toan < r.=0,tac6é:0 =——"—— (9)
bkr CAk

t I
:>6:1—E°:1—(1—XB)1/3

V.4.c.4 Biéu thirc vin toc trong trieong hop tong qudt

Céc tro luc trrén xay ra ndi tiép nhau, do dé ta c6 thé két hop cac trd luc ndy theo 2 céach :

¢ Thoi gian can thiét & dat dén do chuyén hoa nao do6 1a tong thoi gian can thiét dé vuot
qua ting tré luc nay : ty = tohim + to + tisi

¢ Hay khi chuyén hoa hoan toan : 0y = O phim * Otro + 015

¢ Két hop cac tro luc riéng dé cho biéu thirc véan tdc tong quat :

ATUS a1 RR-1,) R?
ky  1.Dae 12k,
bCp
Hay Jdre PB (9)

2
dt Ie +(R_rc)rc+i
R2 kk RDAC kI‘

Ta thiy rang tré luc thay doi theo rc nghia 1 theo su tién trién ctia phan ung. Tur lic hat ran
bat dau phan tng cho dén khi phan tmg hoan toan thi trd luc trung binh cua 3 giai doan 1a :

K7 thudt - Thiét bi phan img ThS. Lé thi Nhw Y
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1 dN, Ca
- A Kk C, = 7
SO dt r A L+ R +i ( )
k, 2D, k;
Vidu:
Nung quang ZnS :

1- Dudi dang cac hat hinh ciu duong kinh 2 mm trong mot dong khi chira 8% oxygen &
900°C. Phan rng xay ra theo phuong trinh sau :

27ZnS + 30, = 27Zn0 + 250,

gia str phan tng xay ra theo mo hinh 15i chua chuyén hoa, tinh thdi gian can thiét dé chuyén
hoa toan bd hat

2- Lap lai qua trinh tinh toan trén voi duong kinh hat 14 0,2 mm
Biét: - khdiluong riéng cua hat rén : 4,13 kg/m’

- hang s6 van toc phan tng : k, =2 cm/s

- apsudt: ] at

- hé sb khuyéch tan : Dae. = 0,08 cm?/s

K7 thudt - Thiét bi phan img ThS. Lé thi Nhw Y
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Chuwong I: NGUYEN TAC CUA NEN SAN XUAT HOA HQC

Mé dau: Péi twong ciia hoa hoc cong nghi¢p

San pham ctia cong nghé hod hoc dong vai trd rat quan trong trong sy phat trién
Cua mot quoc gia. Tur nhiing san pham sir dung trong sinh hoat dén cac san pham cong
nghé cao déu duogc san xuét tir nhimg nha may hoa hoc.

Qua trinh san xuat hoa hoc & qui md cong nghiép phu thudc rat nhiu yéu to.
Ngoai viéc nghién ciru dong hoc cac chuyén hoa hod hoc co ban dé chon lya céu tao thiét
bi, x4c dinh céc tinh chat nhu d6 bén ho4, bén nhiét, bén co hoc cua thiét bi, nd con giup
lwa chon nguy@n liéu va to chirc luc lwong lao dong phl hop.

T6 chirc mot qua trinh san xuat phai tinh dén yéu t6 kinh té, tinh kinh té phu thudc
- Chat lwong va gia thanh ciia nguyén liéu,
- Ning luong tiéu tén cho mot don vi san pham
- Trinh d6 co khi hod, ty dong hod qua trinh san XUAt.
M@t cdch tong qudat nhi¢m vy chu yéu cia cong nghiép hod hoc la:
- Tr nguyén liéu dau diéu ché, tong hop thanh cac chat c6 gia tri khac nhau
- Nghién ctru qua trinh san xuat hoan chinh dé dat hiéu qua tot nhat ma khong gay 0
nhiém méi truong. Khong ngimg cai tién thiét bi dé dap tmg yéu cau ngdy cang cao cua
san pham.
- Xac dinh cac ché do k¥ thuat dé tang nang suét, chat lugng san phém on dinh.
- X4c dinh hiéu qua kinh té va giai quyét hang loat cac van dé kinh té, k¥ thuat.
Nhitng chi tidu quan trong ddic triueng cho hi¢u qua kinh té ciia mét qud trinh CN hoa
hoc:
- Tiéu hao nguyén liéu, nhién liéu cho mot don vi san pham thap nhét.
- Hiéu suat va chat lugng san pham cao nhat.
- Gia thanh ha.
Phwong hwéng hién nay ciia nganh hod hoc thé giéi: giai quyét, p/ trién cac méi lién
quan:
- Pat t6i da nang suat véi mot thiét bi san Xuét.
- Co khi hoa cac qua trinh lao dong.
- Ty dong hoa va diéu khién tir xa, thay cac qua trinh gian doan thanh qua trinh lién tuc
- Str dung téng hop nguyén lidu.
- Lién hiép cac xi nghiép san xuat hoa hoc lién quan

Pé dap tmg cac nhu cau dit ra & trén, thyc té san xuat hoa hoc phai tuan theo mot
s6 cac nguyén tic co ban sau

1.1. TANG TOC PQ PHAN UNG HOA HQC

San xudt hoa hoc 1 1am bién doi thanh phan hoa hoc ctia nguyén liéu dé tao ra cac
san pham nhd cac phan tng hoa hoc. Vi vdy, téc do ciia qua trinh san xut phu thudc vao
tdc do ciia cac phan Gmg hoa hoc. >Tdng téc do ciia cde phan iing héa hoc = tic dong
dén gid thanh sdan pham.

Gia sir trong mot hé xdy ra phan timg hoa hoc giira hai chat A va B ta c6 phuong trinh:
mA+nB=gD
Phuong trinh téng quat biéu thi tbc do phan tmg: v %?

D6 1a sy bién thién ndng do ctia cac chat tham gia phan ting/don vi thoi gian.
- V61 phan tmg mot chiéu dién ra trong h¢ dong thé:



V=kcC!. C/ Ca - Nongdd chat A
Cp, - NongdochatB
k - Hang s6 toc do phan tmg
m,n - Heé sb ti lugng cua cac chat tuong tng
- V&i phéan mg thuan nghich va dién ra trong h¢ dong thé:
V= V]_ V2 = k]_Cm Cn kch
- Néu phan tng hoa hoc xay ra trong h¢ di thé (gitra khi - Iong, khi - ran, long - ran) thi
ngoai yéu t6 ndong do, toc d6 phan tng con phuy thudc Vao dlen tiép xuc ctia cac pha.
V=k AC.F A C - Céc yéu t6 ndng do
F - Dién tich tiép xtc
Ngoai c4c yéu t6 trén trong phuong trinh téc do con ¢ cac yéu té khac nhu chiéu
chuyén dong cua cic chat tham gia phan tmg trong thiét bi (nguoc chiéu, ciing chiéu...).
= D¢ tang toc do clia phan tng ta phai ting hé sd toc do k. Hé sd nay phu thudc vao
nhiét do va chat xic tac ciia phan ng.
k= ko.e'% E - Nang lugng hoat dong hoa hoc ciia phan tng

T - Nhiét do tuyét d6i
R - Hang sb khi
Khi dung XUC tac thi nang lu’ong hoat dong hoa hoc cua phan ting (E) sé giam do do lam
tang hé so toc do cua phan ng (k). Nhiét dé ting ciing lam tang hé sé toc do phdn vmg.
1.1.1. Ting nong dd cac chat tham gia phén ng
* C4c nguyén liéu ban dau can phai 1am giau, tirc 12 loai bo bt tap chat.
* Khuéch tan san phém ra khoi vling phan tmg
Lam glam toc do phan tmg nghich, hodc ha thap ndng do can bang dé ting chénh

léch giita nong do thyc va nong do can bang.
Cac phuong phap thuong dugc dung nhu sau:
- San pham & thé khi: Dung phuong phap ngung tu hép thu s/pham ra khéi ving p/ tmg,
- San pham & thé long: Tuy theo tinh chat cia san pham ma co the thuc hién tach san
pham bang phuong phap két tinh, cho bay hoi hodc hap thu vao chat ran
- San pham ¢ thé ran: Thao san pham ra lién tuc dé tang ndong d6 cac cau tir ban dau
1.1.2. Sir dung xuc tac thich hgp

Dung x{c tac lam giam ning lwong hoat hoa E nén tang hang s6 toc do k vi vay
lam tang van tc phan tmg. Trong thuc té, hau hét cac qué trinh san xuat héa hoc déu sir
dung cac chat xiic tac dé lam ting téc do. Rat nhidu qué trinh néu thiéu chat xic tac,
trong diéu kién binh thuong phan tng héa hoc xay ra rat cham, tham chi hau nhu khong
xay ra, nhung khi ¢6 mat xtic tac thich hgp, ¢ nhiét do thich hop thi phan tng xay ra
nhanh géap hang triéu lan

Cong nghiép san xuét cac hop chat hitu co cang can c6 xtc tac. Ngoai cac XUc tac
héa hoc con ¢6 cac xuc tac vi sinh.
1.1.3. Tang nhi¢t d¢ phan ing

Nhu trén d4 giai thich khi ting nhiét do sé ting hang sd toc do cia phan ung.
Trong san xuat hoa hoc hau hét cac phan ung déu dién ra & nhiét d6 cao hon nhiét do
thuong, c6 khi rat cao.Vé mit 1i thuyét nhiét do tang, tdc do phan g ting, ‘nhung ¢ nhiét
d6 cao nhiéu chat bi phan huy, sy an mon thlet bi rat nhanh, tiéu hao nhleu nang luong
cho qué trinh san xuat nén sy ting nhiét do can phl hop véi tinh hinh thyc té san xuét.
1.1.4. Ting dién tich tiép xic



Nhiéu qué trinh héa hoc dién ra trong hé di thé, trong truong hop d6 phan Umg
dién ra trén ranh gidi tiép xuc gitta hai pha,vi vay tang dién tich tiép xuc giita chiing s&
lam ting manh tc d6 cta qua trinh.
- Chat ran thuong dugc dap, nghién.
- Chat 1éng dua vao thiét bi dudi dang dong chay hoic tudi chay tran trén cac vat dém
- Khuay tron.

1.2. THUC HIEN CAC QUA TRINH LIEN TUC TUAN HOAN KIN

Trong san xuat c6 nhitg qua trinh gian doan, lién tyc, tudn hoan

Quaé trinh lién tyc 1a qua trinh dugc thyc hién khong mang tinh chu ki: nguyén lig¢u
duoc dua vao dong thoi san pham duoc 13y ra khoi thiét bi mot cach lién tuc, cac diéu
Kién phan tmg trong thiét bi luén luén 6n dinh.Qua trinh lién tuc c6 cac uu diém sau:
- Ning suat 1am viéc cia thiét bi cao, giam dugc gia thanh san pham.
- Do giir 6n dinh diéu kién 1am viéc cua thiét bi nén dé dang tu dong va co khi hoa.
- Giam dugc chi phi xay dung trén mot don vi san pham.

Dbi voi nhiing qué trinh hiéu suat chuyén hoa thép, can dua cac chat ban dau chua
phan Umg quay tro lai diéu kién phan ung ban dau dé tan dung triét dé nguyén ligu, hiéu
suat chuyén héa. Qua trinh nhu vay goi 1a qua trinh lién tuc tuan hoan kin,

1.3. LIEN HIEP GIUA CAC Xi NGHIEP VA NHA MAY

Trong san xuat hoa hoc, c6 thé san pham cta nha may nay la nguyén liéu cua nha
may khac hodc nguyén li¢u cia nha may nay la phé pham cia nha may kia, vi vy, su
lién hlep s& 1am giam bét chi phi van chuyén, bao dam an toan san xuét, gép phan chong
6 nhiém moi trudong, tir ¢6 1am giam gia thanh san pham. Do vay cac nha may hda chat
thuong xay dung canh nhau tao ra mot khu cong nghiép héa hoc rong 16n gdbm nhiéu
nganh san xuat.

Vi duy: lién hiép hoa chat Viét Tri, lién hiép hoa chat phan dam Béc Giang, lién hiép cac
nha may ¢ Bién Hoa, cum cong nghiép khi dién dam Phi My...

1.4. CO KHI HOA VA TU PONG HOA QUA TRINH SAN XUAT

Thyc hién co khi hoa, ty dong hoéa qua trinh san xuat ngodi muc dich ting ning
suat lao dong, tang hiéu qua sir dung cac ngudn nguyén lidu con béi nguyén nhan sau:
- Céc phan tmg héa hoc xay ra trong thiét bi thuong & diéu kién t° cao, P cao én dinh va
nghiém ngat, con nguoi rat kho hoidc khong didu khién truc tiép thu cong duoc.
- C4c nguyén liéu ciing nhu céc san pham déu 1a nhitng chat ¢6 thé anh hudng truc tiép
hoic gian tiép dén sic khoe ¢ khi con gay chay, no 1am thiét hai dén cua cai va tinh
mang.
= Co khi hoa, ty dong hoa qua trinh san xuat 1a mot yéu cau tat yéu khach quan khong
phai chi vi myc dich kinh té ma con vi an toan dbi voi con nguoi.

1.5. TAN DUNG CAC PHE THAI CN CHONG O NHIEM MOI TRUONG

Bén canh viéc xir Iy cac chat doc hai co hai cho strc khoe, nguoi ta phai tim céch
bién cac chat phé thai thanh san pham c6 ich cho con ngudi.

Vi duy : Trong san xuét axit sunfuric giai doan ddt pirit sat dé tao khi SO, d sinh
ra mot khéi luong rat 16n Fe,Og, qué trinh 1am sach khi SO, ciing thu dwgc bui xi, oxit
kim loai asen va selen.

- St dung phé thai 1am giam gia thanh ciia san pham chinh, chong 6 nhiém méi tr uong



-Trong san xuat hoa hoc hién dai ding rat nhidu chat xuc tac quy, sau mot thoi gian 1am
viéc cac chat ndy mat hoat tinh, ngudi ta da tim cach tai sinh lai dé phuc hoi hoat tinh cua
chung va tiép tuc dung.

- Chéng 6 nhiém méi truong khong chi st dung cac phé thai dé ché bién thanh cac san
pham c6 ich ma con phai chuyén hoa céc chat thai ciia nha may thanh nhiing chat khong
hoac it 1am hai méi truong.

Cong nghiép hoa hoc hang ngay, hang gio dang cung cap cho con nguoi nhitng
chat mai, nhitng san pham tiéu ding phuc vu nhu ciu cudc sdng ngiy cang cao, nhung
cling ting ngay, tirng gid dang dwa vao moi truong khdi lugng 16n cac chéat doc, dau doc
chinh sy sdng ciia con ngudi. Chéng 6 nhiém moéi trudng try thanh mot nguyén tic cia
cdng nghiép hoéa hoc va phai 1a mot tidu chi dau tién duoc xét duyét trude khi xay dung
mot nha may, xi nghiép



Chuong II: SAN XUAT AXIT SUNFURIC

2.1. VAI TRO CUA AXIT SUNFURIC

Axit sunfuric 12 mot hoa chat dugc st dung rong rdi nhat trong nén kinh té qudc
dan va ciing 12 mot san pham c6 khoi lugng 16n ciia cong nghiép hoa hoc.
- La mot chat 1ong khong mau. N6 chuyén sang mau vang den khi c6 1an tap chat
+ Tan trong nudc theo mot ty 1¢ bat ky va toa nhiét manh tao ra cac hydrat
+ Ty trong 1,84g/cm®
+ Chét hoat dong manh, hoa tan phﬁn 16n cac kl va oxyt kl. Hit nuéc manh tao cac
hydrat.
- Nguoi ta thudng oxi hda SO, trén x(c tac ran thanh SO;, nén duoc goi 1a phuong phap
tiép xuc. San xuat duoc H,SO, ndng do trén 98%.
- Puoc sir dung nhiéu dé san xuét phan bon, ché bién nhién liéu long, tong hop hitu co,
san xuat thuéc nhudm, ding trong nganh luyén kim, ma dién v.v....

2.2. NGUYEN LIEU SAN XUAT AXIT SUNFURIC

Luu huynh va cac hop chat chira lvu huynh déu c6 thé 1am nguyén lidu san xuét

H,SO,4
2.2.1. Luwu huynh

S la nguyeén lidu tot nhat dé san xuat ra khi SO,. Dy chuyén san xuat axit sunfuric
di tir lwu huynh don gian hon di tir c4c nguon nguyén lidu khac vi nhiét do dot chay luu
huynh thap va qua trinh tinh ché khi SO, don gian hon. S thuong duoc khai thac tir cac
mo
2.2.2. Quang pirit
- Thanh phan chu yéu ciia quing pirit 12 pirit sat FeSy, ngoai ra con ¢ pirit cia kim loai
mau, cac hop chét cua niken, dong, silic, cacbonat, canxi, cac oxit nhom, bac va vang.
- Ham luong luu huynh trong quang dao dong tir 40 - 50%.
2.2.3. Thach cao: CaSO, ngam nudc hoac CaSO, khan. Ngay nay it sir dung
2.2.4. Cac hgp chéit chira lwu huynh khac

San pham phé thai va khi thdi ma trong thanh phan c6 chira SO, déu dugc st dung
dé san xuat axit sunfuric vira kinh té vira gitip giai quyét cac van dé vé moi truong

2.3.QUI TRINH SAN XUAT
2.3.1. Sén xuét SO,

Axit sulfuric duoc san XUAt tir luu huynh, 6xy va nudc theo cong nghé tiép xdc.

Trong giai doan dau luu huynh bi dot dé tao ra dioxit luu huynh.
(1) S(ran) + O,(khi) — SO, (khi)
Sau d6 no6 bi 6xi hoa thanh trioxit luu huynh boi 6xy voi sy cé mit ciia_chat xtic
tac oxit vanadi (V).

(2) 2SO, + O,(khi) — 2804(khi) (Véi su c6 mit ciia V505

Cubi cing trioxit luu huynh duoc xir Iy bang nuée (trong dang 97-98%
H,S0, chita 2-3% nudc) dé san xuét axit sulfuric 98-99%.



Bén canh d6, SO; ciing bi hap thy béi H,SO, dé tao ra 6leum (H,S,05),
chat nay sau d6 bi 1am lodng dé tao thanh axit sulfuric.

(4) HZSO4(|0ng) +S0; — H28207(|6ng)
Oleum sau d6 phan ung vé1 nude dé tao H,SO, dam dic.

(5) HyS,04(long) + H,O(long) — 2 H,SO4(long)

2.3.2. Tinh ché hén hep khi SO,
Lam sach va lam kho hon hop khi SO,
2.3.3. Oxi hoa SO, bang xiic tac V,0s
2.3.3.1. Co 6 ly thuyét
- Phan tng giita SO, va O, & diéu kién thuong va & nhiét d6 cao hau nhu khéng xay ra
- Mit khac SOs lai khong bén ¢ nhiét do cao, d& bi phan huy thanh SO, va O,. Nhu vay
phan g oxi hoa SO, bang O, 1a mét qua trinh thuan nghich va téa nhiét.

2802+02 ‘_—‘2803 AH<O

Trong thuc té san xuat nguoi ta duy tri nhiét 6 khoang 450°C khi dung xuc tac 1a
oxit vanadi (V,0s).
- Xdc tac:

Thoi ky dau nguoi ta ding Pt 1am chat xuc tac, Pt ¢6 hoat tinh cao, nhung khong
kinh té. Nhitng nam gan day nguoi ta dung vanadi oxit V,0s Vi ¢ hoat tinh cao hon, tron
thém A|203, SiOz, K,0, CaO va V505
- Nong do cua cdc chdt tham gia phan img:

Nong do ciia O, trong hdn hop khi taing—s tdc d6 clia phan Ung ting—s cin bang
chuyén dich vé phia tao thanh SOs, déng thoi hidu sudt chuyén hoa SO, thanh SO; ciing
tang.

Trong san xuat, oxy hoa SO, trén xuc tac vanadioxit & t° ~ 450°C, ham lugng cua
oxy trong hon hop khi 11% con SO, la 7% thi d6 chuyén hoa ctia SO, c6 thé dat duoc
98%.
2.3.3.2. Thiét bi oxi héa

Tai cong ty supephotphat Lam Thao c6 thiét bi kiéu nay.
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Hinh 11.4. Thap oxi hoa
1 - Chét xuc tac; 2- San dd xuc tac; 3 - Ong trao doi nhiét
2.3.4. Hap thu SO;: SO; + H,0 = H,S0, AH<O0
- Pé khic phuc hién tugng SO; hap thu nuée tao thanh “mu” axit sunfuric, nguoi ta ding
oleum dé hap thu (dung dich SO; trong H,SO, ddm dic). Oleum hoa tan SO; ty do tao
thanh dung dich axit sunfuric.
- Thudng dung hai thap hap thu dat lién nhau dé hap thu hoan toan SO; trong hdn hop khi
(99%). Lam ngui khi SO5 dén 30°C, giir nhiét do trong thap khong qua 60°C, bing cach
lam nguoi dung dich tudi.
Qui trinh sdn xudt xit sunfuric lwu huynh

Luu huynh

Nghién

Oxi hoa

SO,

—> Bui

Tinh ché hdn hop khi SO, Tac,| o Ml H,SO,

Oxi hba SO, thanh SO,

Ho1 nudc

— Hap thu SO;

i

Dung dich H,SO, 98%




Chuong III: TONG HQP AMONIAC VA SAN XUAT AXIT
NITRIC

3.1. GIOI THIEU CHUNG

Nito co trong thanh phan cua cac chat protit
- CO thé néi nito 1a nguyén t6 cta sy séng.
- Hop chat chu yéu dé tong hop protit trong thyc vat 12 NH; va cac mubi cia HNO;
- Ung dung quan trong nhat cia hop chét chira nito: phan bén va thu:c an gia suc.
- NH; va HNOj; con dugc sir dung trong cong nghiép dé san xuit cdc san pham trung
gian, th udc nhudm, thudc trir sau, chat déo, duoc phém, so1 hoa hoc...

Trong tu nhién khong c6 nhiéu mé chira hop chat cua nito = phai tim nhimng
phuong phap dé tong hop .

Phwong phap hé quang
O nhiét do cao ciia ngon lira ho quang, N, két hop truc tiép véi O, tao thanh NO

N, + O, = 2NO AH > 0 La phan ung thu nhiét.
Tiép theo: 2NO + 0, = 2NO, AH <0

Hap thu NO, bang nudc ta dugc HNO;
3NO; + H,0 = 2HNO; + NO

Khi troi c6 sim sét, dudi tac dung cia hién twong phong dién trong khong gian da
Xay ra qua trinh tac dung truc tiép giita N, va O; = Vi sao, sau nhimg tran mua 1én c6
nhiéu sim sét thi 10a lai mau phat trién hon. (bén canh viéc pha v& nbi ba)
Phwong phdp xianamit
Phwong phap amoniac
La phuong phap pho bién nhat chuyén N, don chat trong khong khi = cac hop chét cua
N».

N, +3H, =2NH, AH < 0 (Xdc tac thich hop, t* ~450°C)
Trong chuong nay s€ trinh bay chi tiét hon qua trinh chuyén N, don chat trong
khong khi = cé4c hop chét ciia N, qua con duong NH,.

3.2. SAN XUAT AMONIAC

Nguyén liéu dau dé tong hop amoniac 1a H, va N,, khong ¢ sén trong ty nhién =
- Bi€u ché tir nude va khong khi, sau d6 hon hgp véi nhau theo ti 1€ thich hop
- Tao dong thdi hon hop khi chira ca H, va N, theo ti 18 thich hop.

3.2.1. Piéu ché hidro va Nito riéng
3.2.1.1. Diéu ché nito

Khoéng khi la nguén nguyén lidu vo tan dé cung cap N, , kk chira 78% N, 21% O,
, €on lai 1a mot it cac khi tro va C.

Thuc hién bang cach: hoa long khong khi ¢ t° thip va P cao, sau d6 cho khong khi
long bay hoi. Vi N, c6 nhiét do soi thap hon nén bay hoi trude, con O, bay hoi sau. Bang
cach bbc hoi phan doan, ¢ thé lay riéng duoc N, & dang nguyén chat con O, ding cho
cdng nghé han cat va trong cac bénh vién.
3.2.1.2. Sén xudt khi hidro: trong cong nghiép
- Dién phan nucc : 2H,0 = 2H, + O, (Phu:ong phép nay rat ton dién nén it dung)
- Chuyén héa khi metan hodc dong dang ciia no Chuyen héa metan thanh hydrd bang cac
tac nhan va xuc tac thich hop ¢ nhiét do tur 800°C - 900°C.



CH4 + 2H20 = C02 + 4H2
CH4 + C02 = 2CO+ 2H2
2CH4 + 02 = CO+ 4H2
CO sinh ra lai bi chuyén héa tiép thanh CO, bang hoi nuéc nhd xic tac Fe,03, &
nhiét d¢ 470 - 520°C: H,0 + CO=CO, + H,
- Tach H,, tir khi sinh ra trong qud trinh ché tao than coc
Hoa long cac san pham nhwa va chat hitu co ¢6 trong khi than cbc, hap thu NH; 6
trong khi, phan khi con lai chira cha yéu 13 Ho.
* Sau khi d4 c6 H, va N, ngudi ta hon hop chiing véi nhau theo ty 1& phan ting va dua
vao thap tong hop NH,.
3.2.2. Piéu ché ddng thoi H, va N, - Phwong phap khi than wét
Tao dong thoi hdn hop H, va N, di tir cac chat dau 1a khong khi, nuée va than bang
cach cho hdn hop khong khi - hoi nuéc di qua than nong dé s& thu duge mdt hon hop:

H, - 40%; 0O, :0,2%
N, 18 - 20% CH; :0,5%
CO :31,7% H,S :0,1%
CO, :8%

Loai bo cac khi CO, CO,, H,S, bui ... dé c6 hdn hop khi H, va N, 1a chi yéu
3.2.2.1. Tach bui

Hon hop khi ra khoi cac 10 khi hoa chira nhiéu bui, tro va ca dau may. Dung thiét
bi lang bui li tAm, rtra qua nude, qua loc dién dé gitr tap chat co hoc trén lai.
3.2.2.2. Tach H,S

H,S c6 trong hdn hop khi s& 1am ngd doc chat xtc tic cia giai doan chuyén hoa
CO va tong hop amoniac = phai loai bo that triét de.
3.2.2.3. Chuyén héa CO thanh CO,

Trong khi chira rat nhiéu CO, ngudi ta dung hoi nuée dé chuyén héa CO = CO,
dong thoi thém H, cho hdn hop khi.

CO+H,0=CO,+H,  AH <0 (X(c tc 1a Fe,O3 ¢ nhiét 6 450°C - 500°C)
3.2.2.4. Tach CO;

Dung nuéc dé hip thu CO,. Mudn hip thu hoan toan con ding céc dung dich
Kiém.
2.2.2.5. Tach CO

Qua trinh chuyén hoa CO thanh CO, la qua trinh thuan nghich nén trong hdn hop
khi van con mot lugng nho CO. Ding dung dich mudi axetat dong trong dung dich
amoniac dé hap thy triét dé hon CO.

Sau khi qua cac giai doan tinh ché, hdn hop khi con lai chira chil yéu 12 H, va N,.
3.2.3. Tong hop amoniac
3.2.3.1. Co sé Iy thuyét:

Qua trinh tong hop NH; dién ra theo phuong trinh :
3H, + N, =2 NH3 AH <0
La phan tng thuan nghich, téa nhiét, giam thé tich va can xuc tac. Do vay cac dicu

kién cta phan tmg nhu €, P, C & c6 anh huéng dén sy chuyén dich cin bang
- Nhiét d@é: thuong duy tri nhiét d6 cua phan tng ndy khoang 450°C do

Khi ting dan nhiét d¢, tdc d6 phan img & giai doan dau tang dan, hé nhanh dat dén
trang thai can bang.
+ Néu tang nhiét d6 qua, hiéu suat chuyén N, = NH; giam do ¢ nhiét d6 cao NHj bj
phan huy tro lai H, va N,. Can bang chuyén dich vé phia trai.
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+ O nhiét do thap duéi 400°C tdc do phan tmg nho, nén khdng cé loi cho san xuét.
- Ap sudt: Trong san xuat, thuc hién phan tmg ndy & ap suat thap 100 - 150at, hoic trung
binh 250 - 600at hozc ap suit cao 600 - 1000at

Phan tmg theo chiéu thuan 13 qua trinh 1am giam P cta hé, nén khi ting P phan
mg s& chuyén dich can bang vé phia tao thanh NHs, H chuyén hoa ciing cao hon.

Sau khi tao thanh NH; can duoc tach ra dé can bang ludn chuyén theo chiéu thuan.

Vi H chuyén héa nito thanh NH; thap, H, va N, chua tham gia phan ung phai
quay tré lai thap tong hop nhiéu lan nén ti 18 gitra H, va N, dugc giit dung ty 18 3:1.

- Chat xiic tdc

Phan tng nay néu khong co xuc tac thich hop thi di ¢ t° cao va P cao phan ung
cling hau nhu khong xay ra.

XuUc tac c6 thé 1a Fe, Pt, Mn v.v... Trong cong nghiép thuong ding chét xuc tac 1a
sat. Dang ban dau cia xic tac 1a hdn hop oxit FeO va Fe,0; c6 thém cac chat phu khac
nhu Al,O3, Ca0, SiO,, K,0 ... Trude khi cho hon hop khi H, va N, di qua xtc tac, xtc
tac phai trai qua mot qua trinh goi 1a "hoan nguyén” bang cach cho mot dong khi H, di
qua x(c tac & nhiét do cao, cac oxit sit s& bi khir oxi tao thanh cac nguyén tir kim loai
phan bd trén bé mat cac oxit khac. Chinh nhiing tap hop nguyén tir nhu vay dong vai tro
xuc tac cho phan tng.

F6304 + 4H2 =3Fe + 4H20
3.2.3.2. Thap tong hop amoniac

E\Z\ ﬂ;;
-
N L /%
SIS

Hinh 111.1. Thap téng hop NH,

& 4n cuit truno hinh

Hon hop nito - hidro dwa vao thap tong hop tir trén xudng dudi qua khong gian
gitra hop dung xuic tac va vo thap 101 vao bo phan trao ddi nhiét di ngoai cac éng dan
NH; ra khoi thap, tiép tuc di theo dng trung tam 18n phia trén hop dung xuc tac dé di
Va0 cac 6ng dit trong khdi xic tac, tai ¢ay hdn hop khi N, va H, duoc dot nong toi
450°C nho nhiét toa ra trong phan tmg. Tac dong ndy con c6 tac dung diéu chinh nhiét
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do cua khdi xtc tic khong bi dét nong qua cao. Sau khi dat dwoc nhiét 46 nhu trén
hon hgp khi H; va N, di qua cac 16p xuc tac dé tao thanh NHj. San pham thu dugc qua
céc hé thong 6ng dan xudng day thap va ra ngoai dé hoa long NH;

3.3. SAN XUAT AXIT NITRIC (HNOs)

HNO; duoc dung rat nhiéu dé san xuét phan dam, thuéc no. HNOs; dam dic
dung dé dieu ché cac hop chat nitro dung trong cong nghiép san xuat cac chat mau va
nhiéu hop chat khac. = La mét axit vo co cuc ky quan trong trong doi song

Khi dung phuong phép ho quang dién dé cho nito tac dung truc tiép voi oxi tao
thanh NO tén nhiéu dién nang = phuong phap nay khong phat trién rong rai. Tur khi
téng hop dugc NH; tr N va H, thi nguoi ta déu san xuat HNOj tir amoniac. Qua trinh
nay bao gom cac giai doan: oxi hoa NH; thanh NO, oxi héa NO thanh NO,, hap thu
NO, dé thu duoc dung dich HNO3 nong d6 khoang 50%. Mudn c6 HNO; dic ta phai
co dac.

3.3.1. Oxi hoa amoniac
Qua trinh oxi NH3 bang oxi ¢6 thé dién ra theo cac phan mg sau:

4NH; + 50, = 4NO + 6H,0 ™
4NH3 + 402 = 2N20 + 6H20
4NH; + 302 = 2N, + 6H,0
Dé san xuat axit nitric, nguoi ta tim cach dé téc do cua phan tmg (*) xay ra
nhanh chéng va han ché cac phan ng khac dén murc do thap nhat. Dé dat duoc diéu
d6 ta dung chat xuc tac thich hop nhat 1a platin. Trong thuc tién san xuat nguoi ta sir
dung hop kim platin véi rodi va paladi, (Pt - 95%, Rh - 3%, Pd - 2%)
Xic tac dugce kéo thanh soi, rdi dét thanh ludi dé tang bé mat tiép xac. Cing
cac ludi xtic tac theo tiét dién cia thap oxi hoa. TUy theo qua trinh oxi hoa & ap suat
cao hay &p suat thuong thi ¢6 3 - 4 ludi, & ap suat 10at ding 16 - 19 luéi platin,

Hon hop khi NH; phai sach dé khong 1am ban xtic tac Pt. Phan ung oxi
hoa NH; trén xuc tac ciing chi xay ra ¢ nhiét do cao. Nguoi ta duy tri nhiét do tur 800 -
900°C, vuot qua nhiét do ndy s& gy mat mat khdi luong cia platin.

Dé hiéu suat chuyén hoa cia NH; thanh NO cao nguoi ta thuong dung du oxi
S0 v6i phuong trinh, cu thé 12 oxi 16n hon 1,7 1an so v&i NHj,

3.3.2. Oxi hoa NO
2NO + O, =2N0O, AH < 0, & nhi¢t d§ thuong, khong can xuc

tac

Dudéi 150°C phan tmg xdy ra hoan toan theo chiéu thuan tao thanh NO,. Trén
150°C hau hét NO, bi phan hity, cin bang chuyén sang trai. Nhiét d cao hon (800°C)
su oxi hoa NO thanh NO, khong xay ra. (14 phan ing thian nghich)

Tang ap sut, phan (mg oxi héa NO thanh NO, s& chuyén dich theo chiéu thuén

Piéu kién thich hop cho qua trinh oxi hoa nay 1a n6 xay ra khap khong gian cua
day chuyén san xuat: trong cac thap hap thy, trén dudng dng dan ..
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3.3.3. Hap thu NO,
NO; va N,O,4 tac dung véinude

2NO, + H,0 = HNO; + HNO;,

N204 + Hzo = HN03 + HN02
Axit nitro HNO, khéng bén va bi phan hay:

3HNO, = HNO; + 2NO + H,0
Phan tg tong quat ciia qué trinh hap thu s& 1a:

3NO; + H,0 = 2HNO; + NO
- PBé tang tc do ciia qua trinh hip thu NO, ta phai tang dién tiép xtc cia khi voi chat
long do day 1a qua trinh di thé L-K. Bang c4ch tao ra cic thap co cic dia nam ngang,
khi s& chui qua cac dia tir day thap di 1&n con chat long s& chay tir dinh thap xudng céac
dia.
- Lam lanh chét 16ng trong thap hép thu dén t° khoang 75°C dé hép thy ot

Hap thu NO, ¢ diéu kién thuong chi thu dugc axit nitric loing khoang 50%.

Khi ting P cia thap hap thu dén 6 - 8at thi cd thé thu dugc HNO; nong do khoang
62%.
3.4. SAN XUAT HNO; PAC
3.4.1. C6 dac HNO; loang

3.4.2. Ché tao HNOj3 diic tir N;O, long ,
Tién hanh qué trinh hap thu N,O, long trong thiét bi c6 P=50at & 75°C.
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Chwong IV: CONG NGHE PIEN HOA

4.1. PAI CUONG VE CONG NGHE PIEN HOA

NHUNG KHAI NIEM CO BAN

- Qua trinh dién hod: nhimg qua trinh hod hoc xay ra dudi tdc dung cua dong dién mét
chiéu.
- Dong dién mot chiéu di qua dung dich dién ly tao nén hién fieong dién phdn; a6 1a
qué trinh phan huy cac chat dién ly va tao nén & cac dién cuc nhimg chat mai.
- Thiét b thuc hién qua trinh dién phan dwoc goi 12 thing dién phan.
Qui udc: - Anét la cyc dan dong dién tir mach ngoai vao thung dién phan.

- Catdr 1a cyrc ma dong dién tir thung dién phén di ra.
Khi dong dién mot chiéu di qua dung dich dién ly, cac anion chay dén andt, con cac
cation chay dén catt, va phong dién trén cac dién cuc nay.

Qua trlnh dién phan chi xay ra khi di¢n ap cung cap cho thung dién phan lon
hon mot tri sb goi 1a dién dp phan huy. Mbi chat dién ly c6 mot tri s6 dién ap phan
huy nhat dinh. Pién dp phdn huy bang hiéu dai sé cac thé andt va catdt. Thé andt va
thé catdt goi chung 12 thé dién cuc, chinh 13 hiéu dién thé giita dién cuc tuong Gng va
dung dich.

Thé dién cyc can dé ion phong dién tinh theo 1y thuyét, thuong thap hon thyc té

4.2. NHUNG UNG DUNG CUA QUA TRINH PIEN HOA

- Dung dé diéu ché hydrd va 6xi, xit clo, cac hop chat chira 6xi cua clo; tong hop céc
hop chat vo co nhu axit peroxidisunfuaric va mudi cia n6 1a cac pesunfat diung dé
diéu ché nude oxi gia, cac hop chat peroxit, pemanganat; di oxit mangan...
- Thuy luyén cac kim loai nhu dong, niken, kém, coban, cadimi.... va ca cac kim loai
bot; né ciling duoc dung dé dién phan moi truong noéng chay nham diéu ché cic kim
loai kiém va kiém thd, céc kim loai hiém va dat hiém...
- San xuat cac ngudn dién hod (pin, acquy) va ma dién.
* Uu diém: - Cong nghé don gian;

- Sir dung nguyén li¢u va nang luong toan dién hon;

- Tao duge nhiéu san phém c6 gid tri, c6 do sach cao;
* Nhuoc diém: tiéu hao nhiéu ning luong do d6 chi phi niang lugng chiém maot ty 18
tuong ddi cao trong gia thanh san pham. Chinh vi viy ma murc d6 sir dung cc phuong
phap dién hoa phu thudc nhiéu vao trinh do dién khi hoa va gia dién ning ¢ ting
nudc.

4.2.1. Cong ngh¢ dién phan diéu ché xut - clo: ding pho bién hai phuong phap
- Phuong phép catot ran hay mang ngan
- Phuong phap catot thuy ngan (catot long)
4.2.1.1. Phwong phdap catot ran.
a/ Mubi va diéu ché nudc mudi.
Muébi 12 nguyén liéu chinh dé diéu ché xat - clo bang phuong phap dién phan
va phai dam bao mot sd cac tiéu chuéan.

NaCl > 97,5% Mg < 0,05%
Chitkhéngtan <  0,5% K* < 0,02%
Ca™ < 04% SO2 < 084%
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Nude mubdi duoc diéu ché voi ndng d6 310 - 315 g/l NaCl.
- lonSO;* lam tang qua trinh an mon anot
- lon Ca*?, Mg*? Ia nhimg ion c6 hai cho qua trinh dién phan do Ca*?, Mg*? tac dung
Vi kiém, tao thanh cac hydroxit kho tan, két tia trén mang ngan, bit kin cac 16 mang,
can tré qua trinh dién phan, vi viy can phai loai bo chung (theo 3 phwong phéap phd
bién)
* Phuong phap x6da —xut
Dung Na,COs5, NaOH va BaCl, dé két tila cic tap chat

CaCl, + Na,CO; = CaCOj; + 2NaCl (loai Ca?")
Thue hién ¢ t° cao dé CaCO; két tua tinh thé 16n, d6 hoa tan giam dé& dang cho qué
trinh loc.

MgCl, + 2NaOH = Mg(OH), + 2NaCl

MgSO4 + 2NaOH = Mg(OH)Z + Na2804
Két tia cac ion Mg*? bang cach tron nudc mudi méi dleu ché véi nude mudi hoi luu
tir cong doan dién phan sang, lugng xut trong nuwdc mudi hdi luu thira két tiia cac ion
nay.
* Phuong phap sira voi — xut
* Phuong phap sira voi — sunfat
Pé két tua hoan toan cac ion Mg* va Ca*? xut va xéda can phai cho du va nhiét do
ciia nuéec mudi duge ting dén 40-50°C. Sau d6, trung hoa xht du bang HCl. Ham
lugng xt sau khi trung hoa phai khoang 0,05 - 0,1g/l; con xo6da 1a 0,2 -0,3g/.
b/ Dién phdan.
*Cosoly thuyet cua qud trinh dién phdn.

Andt graphit va catbt sat c6 dang ludi chia thung dién phan 1am hai phan:
Khéng gian anét va khdng gian catét. Mang ngin amiing phu trén catot phia doi dién
V6i anbt.

- Anot cin c6 d6 bén co hoc, bén hoa hoc trong méi trudng axit va do dan dién 1on.

Diéu quan trong 1a c6 qué thé Clo nhd, qua thé oxy 1én. Thuong ding graphit
bai quéa thé clo khong 16n va kha bén. Tuy nhién anot graphit bi pha huy do su oxy
hoa cua oxy thoat ra trén andt khi d6 andt bi chay tung phan con mét s bi roi rung
thanh nhimg mau nho vi vay thay thé bang anot ma platin cho phép giam dién thé,
giam tiéu tén nang luong.

- Cat6t: Vat lidu 1am catbt phai c6 qué thé hydro thap c6 d6 dan dién cao , do bén co
hoa cao, dé gia cong. Thép dugc str dung dé thoa mén cac yéu cau trén.
- Mang ngéan: Dung vai amidng hodc sgi amidng.

Khi dong dién mot chiéu di qua thing dién phan cac anion chii yéu 1a OH’, CI,
chay vé andt, con céc cation, cha yéu 1a H* va Na* chay vé catdt dé phong dién.
Nhing ion nao ¢6 thé phong dién thap hon thi phong dién trude.

Trén catot dién thé phong dién ciia Na* 1on hon cua H' nhiéu; do dé, chi c6 ion
H* phong dién theo phan tmg dién cuc.

H* +e’ =H

Catolit du Na" va OH™ tro thanh dung dich xat.

Trén andt graphit, mic di OH ¢6 thé thuan nghich thap hon CI', nhung qua thé cua
oxi cao 1am cho thé phong dién cua CI tré nén thap hon cia OH chut it, do d6, CI
phong dién

2ClI'-2e=Cl,
Ngoai ra, trong qua trinh dién phdn cOn Xay ra cdc qua trinh phuy:
* Trén Cat6t chi co H, thoét ra, khdng c6 phan tng phu
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* Trén andt c6 phan tmg phu ¢ dién cuc va oxy thoat ra

20H - 2e = H,0 + 1/20,
- Cl, tao ra trén andt sé hoa tan trong anolit va bi thuy phan theo phéan tmg:

Cl, + H,0 < HOCI + HCI (a)
Axit hypoclorit (HOCI) tao thanh, chiu hai qué trinh phan ly c6 chung mot san pham
la OCI

HOCI < H'+O0CI

HOCIl + OH < OCI + H,0 (b)
- Pién thé phong dién ciia OCI trén andt thap hon cua CI rat nhiéu, nén dé dang
phong dién tao thanh COIl; theo phan trmg: 60CI" + 60H" - 6e = 2CIO; + 4CI" + 30 +

3H,0 (c)
Oxi tao thanh an mon andt graphit: C+0=CO
2C0O + 0, =2C0;,

- Axit hypoclorit ¢6 trong dung dich con tac dung véi xut trong catolit tao thanh nhiéu
spham

HOCI + NaOH = NaOCI + H,0 (d)

NaCl + 2HOCI = NaCIO; + 2HCI

2NaOCl = NaClO, + NaCl

NaClO, + NaCl = NaOCIO; + NaCl
Trong truong hop khong c6 mang ngan, xut ¢ catotit sé€ t/dung vai axit ciia anolit theo
p/u:

HCIO; + 2HCI + 3NaOH = NaClO; + 2NaCl + 3H;0 (e)

Qua cac phan tmg (b), (c), (d) va (e) & trén ta thay ngudn gdc ctia cac phan | ng
phu xay ra trong khong gian andt 1a do ion OH" tir khong gian catdt sang, Do d6, dé
han ché cac phan tng phu, can phai dung mang ngan khong cho cac san pham catolit,
cha yéu 1a OH’, tron 1an véi anolit. Vi vay dung dich mudi an phai lién tuc chay tir
khong gian andt sang khong gian catot. Ngoai ra, mang ngan con co tac dung gitr cho
H, va Cl, khong hdn hop duoc voi nhau tao thanh mot hdn hop no.

* Piéu kién dién phan:

- Méc du da dung mang ngan, van khong ngin dugc cac phan tng phu, déc biét, khi
murc do phan huy mudi an dé tao thanh xut vuot qua 50% thi hi¢u suat dong dién giam
xudng nhanh. Do d6 trong thuc té, ngudi ta chi duy tri ¢ phan huy mudi an khoang
45-55%. Mubi khong bi phan huy sé theo dung dich xut ra ngoai thung dién phén.

- Nong d6 mudi an trong dung dich phai gan bao hoa (khoang 310-315g/1).

- Nhiét d dién phan tuong déi cao, khoang 85-97°C — tac dung han ché cac qua trinh
phu gidong nhu dung dich mudi ddm dic. Ngoai ra, nhiét do va nong d6 dung dich
mubi cang cao thi qua thé phong dién cuia cac ion va dién trd cia dung dich cang
giam.

¢/ Thung dién phan.
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Katét : iudi thép

'Sa d6 thing dién
phdn co mang ngdn

Hinh I1V.3. Cdu tao thing dién phén

1. Thanh déng; 2. Anét graphit; 3. Chi; 4. Lop bao vé; 5. Catot (ludi sdt);

6. Khung catbt, 7. Thanh Catdt; 8. Ong ddn dung dich kiém; 9. Chdt cach nhiét; 10.
Ndp, 11. Pdy

Thung dién phan phai kin dé tranh khong cho khong khi lot vao lam lo&ng khi
hydro va clo tao thanh hdn hop no.

Pé tranh mat dién, thung dién phan dugc dit trén chan cach dién va nude mubi
dua vao thung ciing nhu dung dich kiém dua ra khoi thung déu qua bd phan ngat dong
dac biét.

d/ Luu trinh c0ng ngh¢ dién phdn.

4.2.1.2. Phwong phap catot thiiy ngan.

a/ Diéu che nuoc muoi.

- Nude mubi duoe chuan bi tuong ty nhu trong phuong phap catdt rén.

- Ngoai CAc tap chét can loai bo gibng nhu trong trudng hop dién phan voi catdt ran
(canxi, magié, sunfat) trong dién phan véi catét thiy ngan, phai loai ca cac kim loai
nang nhu crém, molipden, vanadi...vi chling dan dan tao nén hdn héng c6 hai dén qua
trinh dién phan.

- Trong anolit tir phan xudng dién phan dua vé c6 clo hoa tan, lam cho dung dich co
tinh chat an mon — can phai khir hét clo hoa tan.

- Sau khi khir clo, dung dich dugc hod tan mudi rin va tinh ché tap chat tuong tu nhu
trén.

b/ Co s6 Iy thuyét qua trinh dién phdn theo phwong phdp catét thity ngdn

* Qué trinh dién phdn

- San pham c6 nong do cao hon khi dién phéan theo phuwong phap catdt ran c6 mang
ngan.

- Thung dién phan ding graphit 1am andt va dong thuy ngan luu dong 1am catdt. Nudc
mubi duoc lién tuc dwa vao thung dién phan.

Khi cho qua dung dich NaCl dong dién mot chiéu, trén andt graphit xdy ra sy
phong dién ion CI va c6 khi clo thoét ra (gidng nhu dién phan trong thiing catét ran)

2ClI'-2e=Cl,

Trén catét thuy ngan, qua thé cua H* rit cao nén thé phong dién cua né trén
cat6t thuy ngan 12 rat 1on: 1,7-1,85 V trong khi thé phong dién ciia Na® trén catot thay
ngan chi 1,2 V nén Na' phong dién: Na* + 1e' = Na

Na kim loai vira giai phong dugc Hg hoa tan tao ra hdn hong:

Na + nHg = Na(Hg),
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Hon héng duoc phan huy trong thiét bi dic biét dé tao ra NaOH va H, theo
phan tng:
Na(Hg), + H,O = NaOH +1/2 H, + nHg
Trén andt graphit, ngoai clo la san pham chinh, con ¢6 qua trinh phong dién
ctia OH" tao thanh cAc san pham phu 12 O,, CO, nhu & thung dién phan véi catdt rin.
Trong cong nghiép, dién ap thuc cia qua trinh dién phan giao dong trong khoang 4.4
~ 4,8 von

BS sung NaCl  Kheng khi nén

@
____ * Eesems  ongess _—-___&__—__—'- 1) A
Hg T \/ S

NaOH

Hinh IV.5. So dé hé théng dién phin mudi an sir dung catot thuy ngan.
A- Thiét bi dién phén: B - Thiét bi phin hity hon hong C- TB bo sung muoi

1. Cita dung dich muoi vao 6. Cira dan hon hong vao 12. Cita b6 sung
muot

2. Cika dung dich muéi ra 7. Cira thdo dung dich xit ra  13. Bé hoa tan.

3. Cita thu clo 8. Cita thu hydré 14. Bé diéu hoa
4. Anbt rin 9. Cika ddn niée vao 15. Bom dung dich
muai

5. Catot thiiy ngdn 10. Bé chita thity ngan 1b. QT phan huy hon
hong

11. Bom hoan luu Hg
Thuy ngan, theo day nghiéng cta thang dién phan, lién tuc chay vao thung
phan huy hon héng. Nude nong duge lién tuc dua vao day dé phan huy hon héng, tao
thanh xut va H,
NaHg, + H,O = NaOH + 1/2H, + nHg
Thuec té, qua trinh ndy gom céac phan mg sau:
NaHg,—e <= Na"+nHg
H,O+e —  1/2H, + OH
Na*+OH = NaOH
P/phap nay c6 thé diéu ché duoc dd xat sach, c6 nong do cao, khoang 650-760g/I
NaOH.
4 2.1.3. So sanh hai phwong phdp dién phin.

* ey diém: Phuong phap dién phan voi catbt thuy ngan co uu diém 16n 1 diéu ché
duogc xat sach c6 nong do rat cao, gap 5-6 lan nong do xat khi diéu ché bang phuong
phap dién phan mang ngan. Vi vay tiét kiém duoc nhiéu hoi nuée va ning lugng dé co
dac xat.

* Nhuoe diém:
- Tiéu hao nhiéu dién nang. E can dé san xuat 1 tin NaOH ~ 1,3 lan so véi pp Catdt
ran.
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- Vén dau tu rat cao, cao hon phuong phap mang ngan to1 40%.
- Phai dung Hg la kim loai quy, hiém, dong thoi lai doc hai.

Do co nhleu nhugc diém nhu vay, nén néu khong can xat sach (nhu trong cong
nghiép san xuat soi nhéan tao) thi dién phan mang ngan sir dung thich hop hon, kinh té
hon.

4.2.2. Co dic va diéu ché xut rin
4.2.2.1. Cé dac xut.

Xut diéu ché bang dién phan theo phwong phap mang ngin, c6 ba thanh phan
chu yéu:

NaOH: 100-140g/I; NaCl: 160-200g/I; Nuge: ~900g/1
Do tan ciia mudi sé giam nhiéu khi ting ndng do xut trong dung dich. Do d6 can phai
o dic dé nang cao nong do cua xht va loai duge mudi an trong dung dich. Véi dung
dich x@it khoang 40-50%, nhiét do ha tir 100°C xudng 20°, d6 tan cia mudi trong dung
dich giam 2/3.
D¢ tan ciia mudi trong dung dich xit da cd dic

\ .. | Po tan ciia mudi ¢ nhing | __, X A o
Ham lwong xut nhiét d khac nhau (g/1) Ty trong ham lwgng muoi ¢
1 o ry ' 0 &) o] 0,
trong dung dich (%) 100°C 20°C 20°C so véi 100°C (%)
42 48,3 18,4 38
50 46,6 13,9 29,9
(15
I
AN
H
e} ;
? N\
] 1
: 100%
) S
"5' = zo‘c\“:h\. —
707 200 300 400 500 600 700 800 00 -

b 8 16 23 30 36 & 47 5"50-5
ﬁf"'-a ;V"“f:; lﬁﬁa”

Hinh IV.7. P§ tan ciia muéi an trong dung dich xit 6 nhitng nhigt dp khdc nhau

- Giai doan I: ¢ dic qua ba ndi lién tiép cho téi nong do 25-26% NaOH (khoang
340g/1)
- Giai doan II: ding hoi thir cép clia ndi dau & giai doan thir nhat c¢6 dic tiép dung dich
xat dén noéng do 42-50%.
4.2.2.2. Sdn xudt xit tinh thé:
Xut tinh thé thuan loi khi cAn bao quan va van chuyén di xa.

Dung dich xat c6 nong do khoang 50% duoc bom vao thiét bi truyén nhiét.
Nhiét duoc tin dung nhiét thira bang hoi thir cua cac thiét bj c6 dic, dung dich xut
dugc cd dac qua ba giai doan:
- Giai doan I: dua dung dich xut t&i ndng do 65%. Gia nhiét bang hoi thir ctia thiét bi
co dac.
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- Giai doan II: dua ndng do xuat 18n 70-72%. Thuc hién ¢ 4p suat 8 atm, va nhiét do
380°C.
- Giai doan cudi: ¢ 4p suat thap. Tai day, dung dich hoan toan hét nudc, ham lugng
chét ran dat dugc 99%.

Xuat noéng duge dua vao thiét bi két tinh lién tyc kiéu trong quay. Trong 10ng
tréng chia thanh cac khu vuc riéng c6 nhiét do khac nhau. Xut két tinh trén ngoai cua
tréng, duoc dao gat gat roi xudng may nghién, rdi tir d6 dwa di dong thung.
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Chuwong V: SAN XUAT PHAN BON HOA HQC

Trong san xuat néng nghiép hién nay thuong sir dung hai loai phan bén cha
yéu 1a phan 1an va phan dam.
A/ Phan lan: la nhiing hop chat chira nguyén t6 photpho. Chat lwong hay hiéu qua cla
phan 1an duoc danh gia bang ham luong P,0Os chira trong no ma cay c6 thé hap thy
duoc. Ham lugng nay thudng nhé hon ham luong tong sd P,Os ¢ trong no theo Ii
thuyét.
Céc loai phan lan hién nay thuong dung:
- Supephophat kép thanh phan chinh 12 Ca(H,PO,),.
- Phan 1an nung chay, hay con goi 1 phan 1an thuy tinh thanh phan chinh 12 Caz(PO,),.
Nguyén li¢u chinh dé san xuat cic loai phan 1an 1a apatit. Nudc ta c6 mo apatit
I6n va chat lugng cao ¢ Lao Cai.
B/ Phan dam: 12 nhiing hop chat chira nguyén td nito.
Phan dam gém cac loai sau: ure - CO(NH), (NH,),SO,;, NH4NOs; NH,CI,
(NH,4),COs. ) )
Ngoai nhitng hgp chat chi chira nito hodc photpho nhu trén con cé hgp chat
chira ca hai nguyén t, loai phan bén d6 thuong goi 12 phan hdn hop, vi du nhu
amophot, d6 13 cac mubi amoni phophat.

5.1. SAN XUAT PHAN LAN

Supephdtphat 1 loai phan lan duoc ding phd bién. Tly theo mac do hoa tan
ma nguoi ta chia phan photphat thanh 2 loai: loai hoa tan trong nudc va loai khong
hoa tan
- Loai hoa tan trong nuéc gdm supephotphat don va kép.

- Loai hoa tan trong axit gom prexipiat — amoph6t nong chay.

Phétphat 1a 16p khoang chira photpho chu yéu dang fluorapatit va cac tap chét
khac. Ham lugng P,Os trong quang photphat khoang 20-30%.

Mubn diéu ché phan phétpho dé dang ngam thau dé co thé s dung & bat ky
loai dat nao phai tién hanh chuyén mudi photphat khong hoa tan thanh mudi hoa tan
hoac dé dang ngdm thau. D6 1a myc dich cha yéu cta k§ thuat phan Ian
- Supephdtphat don Ca(H,P0,),.CaS0O,2H,0: con chira CaSO,, diéu ché qua 1 giai
doan.

- Supephdtphat kép Ca(H,P0,),. 2H,0: khdng chira CaSO,,diéu ché qua 2 giai doan.

5.1.1. San xuit Superphotphat don theo phuong phap axit

Superphotphat don c6 ham luong P,Os htru hiéu khoang 14-20%.

O nudc ta hién nay c6 nha may Lam Thao (Pht Tho) do Lién X6 ci giup d&
xay dung san xuét Supephophat don theo phuong phép nay.
5.1.1.1. Co sé li thuyét

Cho H,SO, tac dung véi fluorcanxi apatit CasF(PO,4);. Pay 14 qua trinh di thé
nhiéu pha xay ra chii yéu & viing khuéch tan. C6 thé chia thanh 2 giai doan:

* Giai doan 1:

Pau tién phan Gng tién hanh trén bé mait cac hat quing, du H,SO, do d6 tao
thanh H3PO, tu do, sunfat canxi két tinh tach ra duéi dang khan va nam lai trong phan
lan

C&5F(PO4)3 + 5H,50, = 3H;P0O, + 5CaS0O, + HF
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Phan mg nay dién ra véi tbc do rat nhanh so véi tbec do cua phan mg sau.
Thuong két thiic sau 20 dén 40 phut ké tir khi tron quing apatit v6i dung dich H,SO,.
Nhitng véu td anh huéng:

- Nong d6 H,SO, anh huong rd rét dén qua trinh phan huy quing trong diéu kién
khuéy tron lién tuc. Néng d6 H,SO, thich hop 1a 62 - 68%, thép hodc cao hon déu
khéng thuan loi.

- Nhiét do phan mg duy tri khoang 110-120°C — t° ban dau cta dung dich H,SO, dao
dong tir 60 - 70°C tuy thudc thoi tiét timg mia va nong do H,S0,.

- Thoi gian luu ciia hdn hop phan tng: v6i ndng do axit nhu trén thi thoi gian luu 2-4
phut.

- P9 nho hat quing: dé tang dién tich tiép xtc, nghién quang d= 0,15mm.

Néu phan tng thyc hién hoan toan thi chimg 70% apatit bi phan hiy & giai doan dau
nay.

* Giai doan 2:

HsPO, sinh ra tiép tuc tac dung voi quing apatit tao thanh mudi canxi photphat,
1a giai doan quyét dinh chit lwong cta phan 1an superphotphat.

7H3PO, + CasF(PO,); + 5H,0 = 5Ca(H,PO,),. H,O + HF

O giai doan 2, lac dau phan tmg xay ra rat nhanh, khi nong d6 Ca(H,PO,), ting
Ién thi toc d6 cham dan va két thuc sau khi u supe trong kho 6-25 ngay dém tuy thudc
vao nguyén liéu, t u 35-45°C. Bgi vi mang mono canxi photphat tao thanh bao quanh
hat apatit [am giam su khuéch tan ciia HsPO, va su két tinh pha ran méi (Ca(H,POQOy),.
H,O) xay ra cham.

+ Sau khi @ mét lwong H3PO, tu do con thira phai qua gia doan trung hoa.
Dung bot xurong, bot da voi hoac NHz khi:

CaCO; + 2H3PO, = Ca(H2P04)3+ CO, + H,0

NH3 + H3PO4 = NH4H2PO4
* Supephotphat don phai dam bao cac yéu cau chat luong sau:

P,0s khong dudi 14-19%

Do am khong quéa 13-15%

H3PO, tu do (tinh theo P,0s5) <5-5,5%

5.1.1.2. Qua trinh san xudt superphotphat HZT 7I%H2304 ’T’atii

5.1.2. San xuat superphotphat kép 1 9
Trong thanh phan cta superphotphat

kép khong c6 CaSO,. Ham lugng P,0s hiéu [ £8% HoSO., T

qua cao, ton tai chu yéu dudi dang Ca(H,PO,) TT

11

va mot it HsPO, tu do.

Cac phan Gmg co ban xay ra khi san xudt
o T

superphotphat kép: J}

TH3PO, + Ca5F(PO4)3 + H,O =

5C&(H2PO4)H20 + HF + Mg(H3PO4)2 + yil

2CO,

FesO; + 3H;PO, + H,0 = 3FeP0,.2H,0 l

A|203 + 2H3PO, + H,O = 2A|PO4H20 Vao kho u

* Piéu kién: Nong do HyPO, dam dic, t° 80-

90°C. Hiéu suit phan huy 70%

Qua qua trinh 1 25 ngay, apatit con lai tiép tuc

el

Hinh V.1. So dé séin xudt superphotphat
theo phwong phdp lién tuc
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bi phén huy, hi¢u sudt chuyén hoa ting 1én 77-83%. Sau d6 san pham dugc dem
nghién va tao hat.

5.1.3. San xuat phén lan thuy tinh

Thanh phan chinh coa ‘phén 1an nay la hon hgp clia canxi photphat va magie
photphat, ngoai ra con c6 mudi canxi silicat. Pay 1 loai phan co tinh kiém, it hoa tan
trong nudc nhung hoa tan nhiéu trong axit citric 2% do d6 dé dugc axit trong ré ciy
hap thu. Ham luong P,0s khoang 20-25%.
5.1.3.1.Co s Iy thuyét:

Nguyén liéu chinh dé san xuat phan lan nung chay 1a apatit va cac loai da
(olivin, secpangtin va d6l6mit) dugc nung chay bang than cdc ¢ nhiét do 1450 -
1500°C trong céc 16 cao tuong ty 10 luyén gang

2C&5F(PO4)3 + S|02 + H,0 = 3C33(PO4)2 + C&SlOg + 2HF

Nguyén t6 F trong tinh thé quing apatit d4 tach ra khoi nguyén liéu, toan bo
san pham chay 1ong. DUng mot tia nudc lanh co &p suat cao 1am lanh dot ngdt s& tao
ra Cas(PO,); €O C4u tao tinh thé gidng thily tinh, dic biét dé hoa tan trong moi trudong
cua dong dat chua.

O nudc ta c6 nhidu co sé san xuat loai phan nay nhu cong ty phan lan Vin
Dién, phan 1an Ninh Binh, Xi nghiép phan 1an Bac Giang. ..
5.1.3.2. Qua trinh sdn xudt
- Giai dogn 1: dem tron cac nguyén liéu theo ty 1& da tinh toan san. Ty 1& d6 thudng la:

MgO : P,O5= 2:3 X MgO + CaO: SiO, = 1,8:2,7
Cho phéi liéu vao 16 nung & t° = 1450-1500°C, phéi liéu s& chay long va Xay ra phan
ung

2C&5F(PO4)3 + S|02 + H,0 = 3Ca3(PO4)2 + CaS|03 + 2HF
Néu trong phdi lidu c6 chira than, s& xay ra phan img phu:

2CasF(POy4); + 10C + 6SiO, = 6CaSiO, + P4+ 10CO
Lam lanh d6t ngdt san pham néng chiy bang dong nude c6 ap hyc 3-4atm dé tao hat
tinh thé
- Giai dogn 2: Say va nghién hat tinh thé thanh san pham & dang bot.

- Giai doan3: Thu hdi khi fluor bang cach dung sira voi hap thu.

5.2. SAN XUAT PHAN PAM

- Phan 16n phan dam duoc sir dung & dang ran, trong d6 khoang 80% & dang phan don
va 20% & dang phan phirc hop. Loai phan don chi yéu 1a NH4(NO)s;, (NH,),CO.
Nguyén té dinh dudng tdn tai trong ching 1a ion amén (NH*"), nitrat (NO3), va nhém
amin (NH,).
- T4t ca cac loai phan dam déu hoa tan trong nudc, thyuc vat hép thu tét, dé ngém sau
vao dat.

Thuc té moi loai phan dam déu san xuat tir amoniac, ma gid amoniac chiém
khoang 60-75% tong gia thanh. Do d6 chi phi san xuat mot tan phan dam cac loai déu
gan bang nhau.

5.2.1. San suit amoni nitrat

Amoni nitrat chira 35% nito, 1a mdt trong nhiing loai phan dam thuong dung.
NG c6 thé dung cho bt ky loai dat ndo va bét ky loai cay cbi nao. Nhuoc diém co ban
cua loai phan nay la:
- C6 kha ning gay n6 rat manh = kho bao dam an toadn trong qua trinh san xuét, tang
trit va van chuyén.
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- D& hiit nu6e va khi thay doi nhiét ¢, dé chuyén mot phan thanh dang tinh thé, dé
vOn cuc.
Thudng san xuat theo hai phwong phap: phuong phép bdc hoi va khong bdc hoi.
Nguyén tic san xuat dya vao phan tmg
NH; + HNO3; = NH;NO; + Q AH <0
La phan tng di thé, toa nhiét nén tan dung nhiét toa ra dé c6 dic NH4NOs.

Qua trinh san xuat gdbm 4 giai doan
5.2.1.1. Giai dogn trung hoa:

Pé tang bé mat tiép xiic nguoi ta xép

HNO,

trong thung trung hoa nhitng tﬁim dém. Dung NH;
vol phun NH; qua 16p HNO; tam trén cac tam H&i i
dém ]

- Nhi¢t do phan tmg: 110 - 135°C
Khi ra khoi thiét bi nong do NH,NO; dat 63-

64% I
5.2.1.2. Giai dogn cé dic &::: HH dd
) Sau khi ra khoi thiét bi trung hoa pha1 2\7{: :::: ::: ::: HNO,
tién hanh c6 dic ¢ nhiét do 150°C, P= 9atm dé 13 0
nang cao nong dd chuan bi cho giai doan két BRI E
tinh. ‘ S i
Cuoi gia doan nay nong do NH4;NO; dat 82- DRty
84% 1

5.2.1.3. Giai dogn két tinh tgo hgt

Trude khi qua thiét bi két tinh dung dich  Hinh Vv.2. Thiér bj trung hoa HNO;bing NH;
NH4NO; duogc chay qua thiét bi c6 dac thir 2 1. Vo ; 2. Vung trung hoa ; 3. Dd NH4;NO,
dé nang cao ndng do 1én 98%.
Phun dung dich NH4NO;3 ¢ nhiét do t= 160°C tir thiét bi o dic qua thap tao hat. Cac
tia dung dich NH4NO; long phun xudng gip ludng khong khi lanh duge hut tir dudi
lén bang quat gio, nhiét do ha xudng trong khoang 60-90°C. Ra khoi thiét bi gip
khong khi cac hat am két tinh.
5.2.1.4. Sdy

Lam giam d6 4m cua hat NH;NO; xuéng con 0,9-1%. Phuong phap thuong
dung 1a théi ludng khong khi lanh -10°C nguoc chiéu véi NH;NO;
* Y@u cau cong nghé:
- Nong d6 HNO; 45-50%; amoniac 60-80%, ap suat 2,5- 3,8 atm.
5.2.2. San xuit Amoni sunphat

(NH,4),SO, chira 21% N,, it hit am va két khéi, nhung bon nhiéu nam s& 1am cho
dat bi chua. (NH,),SO, dugc san xuét theo phan tmg:

2NH3 + HzSO4 = (N H4)2804

5.2.3. San xuét Ure

Ure [(NH,),CO] c6 dang tinh thé hodc dang hat. N6 1 loai phan dam c6 gia tri
nhat va dugc sir dung rong réi nhat, chira 46% nito. Ure hoa tan nhiéu trong nudc, mot
phﬁn tao thanh amon cacbamat. Trong diéu kién nhiét do va do am thong thuong uré
khong hao nudce, con khi do am khong khi cao (95%) thi uré hdo nudc manh. No it
von cuc, khong chay no.

Ure sach 1a nhitng tinh thé khong mau. Ure k§ thuat c6 mau trang hoi vang

Ure con ding dé diéu ché nhya formandehyt, san xuat chat déo, keo dan, soi
tong hop.

24



Nguyén tac san xuét dugc dua theo phan ing
COZ + 2NH3 = CO(NH2)2 + Hzo
Trén thyc té qua trinh ndy gom 2 giai doan
- Giai doan 1: diéu ché cacbamatamon
2NH; + CO, = NH,COONH, (Cacbamat)
- Giai doan 2: Khir nude ¢ nhiét do cao
NH,COONH, = CO(NH,), + H,0
Nudrc tao thanh, lic dau lam ting mic d6 chuyén hoa vi né tao thanh pha long.
Nhung khi lugng nuée sinh ra nhiéu phan g s& cham lai vi vay trong qua trinh phan
mg ngudi ta cho thao nudc ra lién tuc dé tang ndng do ure tao thanh. Cong ty phan
dam Béc Giang 4p dung qua trinh san xuat nay.
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Chwong VI: CONG NGHIEP SILICAT

Phan 16n cac tinh chat qui gia ciia vat lidu silicat c6 duoc 12 nhd phan tir cia
chling c6 cau tric dic biét boi nhoém tir dién SiO,. Piac trung ddi voi cau tao nay 1 sy
lien két rat bén viing giita ion Si*" va ion O, lam cho silicat c6 tinh cimg rén va kha
nang kho noéng chdy. Ngoai ra vat li¢u silicat con ¢ do bén héa, bén nhiét, ré tién lai
dé kiém.

6.1. SAN XUAT THUY TINH

6.1.1. Nguyén li¢u

* Nquyén liéu chinh:

- Cét (SiO,): la thanh phan chii yéu ctia cac loai thiy tinh, chiém 60 - 70%. Trong cat
con chira cac oxit khac nhu CaO, MgO, AlOs, Fe,05. Néu ham luong cua Fe,03 cao
s& 1am cho thiy tinh ¢4 mau lam giam do truyén dnh sang. Thuy tinh thuong doi hoi
cat chira Fe,05< 0,2%, thay tinh cao cap < 0,1%.

- Han the (Na;B407.10H,0): & nhiét do cao han the bi phan huy cung cap cho thuy
tinh B,O,. Oxit nay lam giam hé s gidn né cia thay tinh, ting do bén hoa, dd bén
nhiét. No thuong dugc dung cho thuy tinh trong phong thi nghiém, bong dén.

- AlLO; lam ting do bén cua thily tinh, nhung cling 1am cho qua trinh nu chay kho
khan va giam sy gidn no cua thuy tinh.

- Na,COj: cung cip Na,O cho thity tinh. C6 tac dung ha thap nhiét d6 nau va khtr bot.
Néu Na,O nhiéu s& 1am giam do bén co hoc.

- BaO va PbO: 1am cho thiy tinh ¢0 trong lwong riéng 16n, chiét suét cao, anh dep do
d6 dugc dung trong viéc san xuat thiy tinh quang hoc. Ham lugng PbO cao ¢6 thé tao
ra ngoc thach nhan tao dé 1am dd trang suc.

* Nquyén liéu phu:

La cac nguyén liéu dua vao thuy tinh gitp qua trinh ndu nhanh va cé tac dung
nhu 13 chét khir bot, khir mau, nhugm mau hosc ting cuong mot tinh chét riéng biét
nao do.

- Chat khtr bot: La chat c6 thé giai phong khoi thuy tinh cac bot khi. Cac chét khir bot
thuong dung 1a mudi nitrat, oxyt asen, sunfua, cac mubi fluor va amoni
Vi du: NaNO3; = Na,O + N, + O,
- Chat nhuoém mau: Gém 2 loai
+ Chat nhuém mau phan tir: D6 1a cac oxyt vo co mang mau
Mn,O; : Cho mau tim Selen : Mau hong
Coban : Mau den dén xanh dam Oxyt sat : Mau vang, xanh

luc

Oxyt Cu, Cr : Mau vang
+ Chat nhuém mau phan tan keo

Go6m cac hop chat cia Au, Cu, Sb (Antimon) nam trong thuy tinh & dang phan
tan keo thuy tinh, sau khi tao hinh thi dem gia cong lan th hai v6i cac chat nhuom
Mau trén va sé cho cac mau sic khac nhau

Cu,S, szOg: Cho mau do

Au  :Cho mau tia
- Chat gay duc: Chu yéu 1a cac hop chat chira Fluor nhur CaF,, Na,SiFs
AlF; tao cho thuy tinh ¢6 mau trang nhu sita, nhu méau cia sir.
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- Chét khtr mau: Trong cét chira nhiéu ion Fe** s& cho mau ty nhién cua thuy tinh 14
mau xanh luc vi ion nay gay mau rat manh. Dé nhuém mau trudc hét phai khir mau
Fe?* bang cach chuyén FeO = Fe,0;diing chét oxy hoa NaNOs.

6.1.2. Qua trinh nau thuy tinh

Pau tién phéi tron cac nguyén liéu theo diing ti 18 va dao tron dé nguyén licu
phan tan dong déu vao nhau.
6.1.2.1. Giai doan tgo silicat: 600-1000°C

Khi nhiét do tang dan, nudc trong nguyén ligu bi tach ra, tao ra cac mudi kép.
CaCO; + Na,CO5= Nazca(C03)2
* 600 — 800°C mubi kép tao silicat va thoat CO,
Nazca(C03)2 + 28|02 = Na28i03 + C&SlOg +2CO,
* 720 - 900°C
Na,CO; + SiO, = Na,SiO; + CO,
Nazca(C03)2 + Na,CO; + 3Si0O, = 2Na,SiO3 + CaSiO; + 3CO,
* 912°C: CaCO; bi phan huy
CaCO; = Ca0 + CO,
*1010°C:  CaO + SiO, = CaSiO;
* CAC Yéu 16 anh huéng dén qud trinh ndu:
- Nhiét do: Nhiét d6 tang qué trinh nau duoc rat ngén. O 1300°C niu thuy tinh thong
thuong hét 15 gid, néu 1400°C thi chi con lai 5 gio.

Nhung nhiét d6 qua cao s& anh huong dén vat liéu chiu lra 16t ndi va ndi nu
thuy tinh. Thong thuong san xuat thuy tinh gia dung nhiét 46 nau 1400-1500°C
- Kich thudc hat nguyén liéu: phai dam bao, hat to qua qué trinh nau s& khé khan.

- Thanh phan hoa hoc: Céac oxyt kim loai kiém va kiém th6 c6 nhiét do néng chay
thap, néu ham lugng cac oxyt ndy thap thi qué trinh néu s& dugc dé dang nhung lai
anh huong dén tinh chat hoa 1y cua thuy tinh. Cac oxyt Fe,05, Al,O5 SiO, lam ting
duogc céac tinh chat ciia thuy tinh nhung lai 1am tang nhiét do ndu. Do d6 qua trinh hdn
hop phéi liéu theo mot ty 1é sao cho dam bao dugc chat lwong san pham dong thoi
khong ché nhiét d6 nau vira phai.

6.1.2.2. Giai doan tao thuy tinh:

Bit dau tir 900°C dén 1200°C: Trong khoang nhiét 6 nady cac mudi silicat chay
long thanh mot khoi trong sudt, nhung coOn nhiéu bot khi va thanh phan thay tinh chua
dong nhat.
6.1.2.3. Giai doan khir bot.

Nhiét d6 khoang 1400 - 1500°C

O giai doan nay c4c bot s& duoc thoat ra hét do nhiét do tang lam d6 nhdt cua
chat 16ng giam va cac chat khir bot phat huy tac dung (cac khi nhu O,, CO, thoét ra).
Cubi giai doan khir bot, bang mat thuong ta khong thé nhin thay cac bot trong thuy
tinh.
6.1.2.4. Giai doan dong nhit

Sau khi giai doan khir bot két thuc, ngudi ta van phai giir thily tinh trong mot
thoi gian nhét dinh & nhiét d¢ cao. Do & nhiét do nhu vay d0 nhét cua thuy tinh rat
thap tao diéu kién khuyéch tan cac thanh phan ctia nguyén liéu dong déu & cac hudng
6.1.2.5. Giai dogn lam lgnh

O trang thai qua 1ong khong thé gia cong thuy tinh thanh san pham duoc = phai
ha thap nhiét d6 cua xudng 1100 - 1300°C dé c6 d6 nhdt dam bao cho qua trinh tao
hinh.
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6.1.3. L0 nau thuy tinh
6.1.3.1. Lo lam viéc gidan doan
6.1.3.2. L0 lam vige lién tuc

6.2. SAN XUAT XIMANG POOCLANG
6.2.1.Mot s6 khai niém

Nhiing loai ximdng ngay nay dang s dung c6 nhimg thanh phan héa hoc rat
khac nhau va dugc str dung vao nhleu muc dich khac nhau nhu xi mang chiu nhiét,
ximang chiu axit, kiém, nudc mudi, ximang xi v. V..

Ximang Poocling 13 loai chiu nudc, san xuat tu: hai nguyén li¢u chinh 1a da voi
va dat sét nung dén 1450°C, sau d6 1am lanh va nghién min dé dung chii yéu trong xay

dung.
Thanh phan hoa hoc ximing Pooclang: gdm bdn loai oxit chu yéu:
CaO :63%-67% AlLO; : 4-7%
SiO, :21% -24% Fe, O3 1 2,5-4%

Néu xét vé thanh phan khoang thi trong ximang Poocling bao gdm canxi silicat,
canxi aluminat va canxi ferit

Néu ki hieu: CaO = C; Si0,=S; ALO;=A; Fe,0;=F
thi thanh phan khoang cé trong ximang 1a:

Canxi silicat 1 C3S, C,S, CsS,...
Canxi aluminat 1 C3A, C5A, CA, CA,...
Canxi ferit : C4AF C,F, C3AzF, v.v...

Ngoai ra con c6 khoang chira oxit kim loai kiém.

* C;3S: Quyét dinh chéat luong ximing. CsS d6ng ran nhanh cho cudng d6 chiu nén
cao. C3S chi hinh thanh trong qua trinh nung luyén trén co s¢ cac khoang khac dé tao
thanh pha long.

6.2.2. Nguyén li¢u san xuit ximing

- P4 voi: d4 voi chiém khoang 75 - 80% khdi lwgng nguyén liéu.

- P4t sét: chiém khoang 20 - 35% phdi liéu

- Phy gia: Dé tang cuong hodc han ché mot s6 tinh nao d6 ciia ximang

+ Phu gia khoang hoa: C6 tac dung nhu xuc tac nhung sau d6 nam lai trong ximang.

+ Phuy gia diéu chinh: dé diéu chinh toc d6 két dinh va thoi gian dong rin cua san
pham

+ Phuy gia thuy: Tang tinh bén nudc trong moi trudng khoa clia ximéng: xi 10 cao

+ Phy gia day: C6 tac dung 1am chat don, giam gia thanh cta san pham: gach, da, voi,
tro.

Cac nguyén liéu dugc tron 14n va nghién min dén kich thude 0,06 - 0,07mm roi
dua vao 10 nung theo phuong phép udt hodc phuong phap khod theo mot ty 1€ da tinh
toan
6.2.3. Nung luyén Clinke
6.2.3.1. Cac phdn dwng hoa ly:

- Phwong phdp khé: nguyén liéu duoc nghién riéng timg loai hodc nghién chung thanh
dang bot roi tron 1an v6i nhau, cho thém maot it nudc dé co thé dong banh hodc vé
vien.

- Phuwong phdp wét: nghién nguyén liéu cing véi nude tao thanh hdn hop dang bin
(pato) sau d6 rot vao 10 nung.

Dudi tac dung cia nhiét do cao cac oxyt trong nguyén liéu ban dau phan huy va
tac dung voi nhau tao thanh nhimg hop chat méi goi 1a cac khoang silicat. Cac khoang
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d6 & t° cao (1450°C) nam trong pha l6ng. Khi 1am lanh két lai thanh nhiing hat goi la
clinker — nghién min — xi ming — tac dung v&i nude sau mot thoi gian s& dong
ran.
- Trong khoang nhiét do tir 500 - 600°C cac khoéng sét mat nudc.

Al,0;.25i0,.2H,0 —  Al,05.2Si0; + 2H,0
- O nhiét d6 khoang 900°C céc khoang khan phan huy thanh céc oxit:

AlegZSIOz - A|203 + ZS|02
- °C ~ 1000°C tao ra A1,03.Si0, va ~ 1200°C — 1300°C tao ra 3A1,05.2Si0, do twong
tac gitra cac axit tuong ung.
- Tai nhiét do trén 900°C d4 voi ciing bi phan huy.

CaCO; —» CaO + CO, AH >0

Trong khoang tir 800 — 1250°C hau hét cac khoang quan trong trong thanh phan
cua clinke ximang da duoc tao thanh. Riéng khoang C3;S(3Ca0.SiO,) dugc tao thanh
rat cham do két qua phan tng cta C,S v6i CaO. Qua trinh nay chi dién ra véi toc do
nhanh khi c6 mit cta pha 1ong. Pha long 12 do CsAg va C,AF & nhiét d6 1450°C bi
chay 1éng tao thanh. Khoang C,S la thanh phan quan trong quyét dinh tinh chét ciia
ximang. Nhung khoang nay chi dugc tao thanh & nhiét d cao. Do vay nhiét d0 nung
luyén clinke c6 anh huong dén chat luong
6.2.3.2. L0 nung clinker
a. Lo dung:

La mot hinh try dimg, rdng, chiéu cao c6 kich thudc gip 3 — 4 lan dudng kinh.
Lo dugc chia 1am 3 ving: ving sdy, nung, 1am sach. Nguyén liéu dua vao 10 dimg ¢
dang kho.

b. Lo quay:

Loai 10 quay la mot dng kim loai hinh tru réng, dat nghiéng mot goc tir 30-5°
Chiéu dai I6n hon duong kinh tir 30 — 40 lan.

Toan bo chiéu dai 10 dugc dit trén mot hé théng bé d& 6 con lan, dat trén try 10
bang bé tong. Lo lam viéc theo nguyén tic ngugc chiéu: nguyén lidu vao dau cao (dau
lanh) clinke ra dau thap (dau néng cia 10), nhién liéu va khi di vao dau thap. Lo chia
lam 6 vung:

Viing say va dbt nong chiém 50 — 60% chiéu dai

Vung phan hity chiém 20 — 23% chiéu dai
Viing toa nhiét chiém 5 — 4% chiéu dai
vung két khéi chiém 10 — 15% chiéu dai
Vung 1am lanh chiém 2 — 4% chiéu dai

Phéi liéu duoc nap vao 10, chuyén dong theo chiéu dai caa 10, chu yéu 1a truot
trén bé mat trong cua 10. Thoi gian vat liéu luu trong 10 vao khoang 3 — 6 gio.
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Hinh V1.3. Lo quay nung xi mang 7
1. Bo phdn nap nguyén liéu ; 2. L0 quay ; 3. Phan [am ngugi san pham

Vit liéu ra khoi 10 nung nhiét d6 100 — 200°C. Pay méi 1a ban thanh phim,
nguoi ta tiép tuc 0, thém phu gia, nghién va dong bao chdng am dé dé van chuyén dén
noi tiéu thu.

6.2.4. Xir ly Clinke va tao ximang

- U: Clinker ra khoi 10 dugc dua vao kho 0, 0 ¢6 tac dung dé cac CaO tu do con lai
trong clinker hiit hoi am tao ra Ca(OH), lam n¢ thé tich . Khéi clinker bi nit né dé
dang cho quaé trinh nghién

- Nghién: Trong qué trinh nghién ngudi ta cho vao cac phu gia nhu CaS04.2H,0, xi
10 cao. P min cang cao thi cudng do nén cang 16n do két dinh va d6 dong ran cao
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D4 voi Dit sét Than
May dap ham May can May dap
Két chira Bé bua bun May say nghién
\L \l/ lién hop
May bia Bom v
‘ \l/ Két chuira
May nghién bi \
i/ Thoi bang ap luc
- khi nén
Bé chtra bun (pato)
Lo quay
Phu gia diéu chinh B6 phan 1am lanh Clinker
(Thach cao) \l/ Phu gia thity
\L Phu gia day
" Kho u Clinker \L
bap
I \ Pip
Chia May nghién bi \ ¢
\l/ Chura

Xyl6 chira xi mang

!

May dong bao

J

Kho chira san pham

Qui trinh cng Nghé sdn xudt xi mang theo phwong phdp 16 quay



Chuong VII: CONG NGHE SAN XUAT GANG THEP

7.1. MOT SO KHAI NIEM VE GANG VA THEP

Gang thép hay con goi la kim loai den rat thuong gép trong doi song. Kim loai
den chiém 95% tong s6 lugng kim loai ding trong ché tao dung cu, may méc va xay
dung.

Thanh phan chinh ciia gang va thép 1a sit va cac nguyén t6 khac nhu C, Si, Mn,
P, S. Gang va thép chi khac nhau vé ti 1¢ giira Fe va thanh phan C chua trong nd

Thép chira < 2% C; Gang chira 2-6%C

Dbi v6i thép ham luong P,S rat nho vi néu ham luong 2 nguyén t6 nay cao thi
thép dé bi pha huy trong moi trudng in mon.

7.1.1. Cac loai gang
7.1.1.1. Gang xam

Néu bé ra ta thdy vay den long lanh trén mat nén trang, vay den 1a garaphit.
Nhiét d6 nong chay 1a 1200°C — 1300°C. Gang xam dé duc.
7.1.1.2. Gang tring

Néu bé ra thi chi thdy mot nén trang, ¢6 thé coi nhu thép rat gia. Ham luong
cacbon chiém tir 3 — 4%. Gang trang khé duc, thuong dé luyén thép.
7.1.1.3. Gang hgp kim

Ngoai C con chira cac kim loai khac dé gia taing mot so tinh chét riéng biét

7.1.2. Cac loai thép
7.1.2.1. Thép cacbon

Thép cacbon chi chtra 1% C, rat it cac kim loai khac. DAy 1a loai thép rat cimg
thuong dung 1am mili khoan, ché tao cong cu. Tinh chat cia loai thép nay do ham
lugng C quyét dinh
7.1.2.2. Thép hop kim:

Chtra cac nguyén t6 Mn, Cr, Ni, Mo... chiu duoc nhiét, it bi an mon

7.2. LUYEN GANG
7.2.1.Nguyén li¢u
7.2.1.1. Qudng sit
- Quang: Bao gom cac quing sat Fe,03 va cac quing Fe;O, qua giai doan ché bién so
bo nhu nghién, dap, san, luyén vién.P, S thudng 1n trong quing, sau khi luyén con lai
trong gang lam giam chat luong cia gang va thép. Ngoai ra con sir dung sat vun, sat
hat, xi 10 cao.
7.2.1.2. Nhién liéu
- GOm than cdc, antraxit, than gd, khi thién nhién, khi 10 cic, dau diezel.
- C6 hai nhiém vu: cung cip oxit C 1am chat khir cac oxit kim loai va chay cung cap
nhiét.
7.2.1.3. Chit tro dung

Céc chét dua vao nguyén liéu dé 1am ha nhiét d6 néng chay ciia phdi licu, tac dung
V6i ban quing dé tao thanh xi va khtr dugc cac hop chét caa S. Chét trg dung thuong
dung 1a d4 voi.
7.2.2. Cac qua trinh hoa hoc xay ra trong 10 cao
7.2.2.1. Sw phén hiiy ciia cdc muéi cabonat
- Phan huy CaCO;: CaCOs3 = CaO + CO,
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- Phan huy FeCO;: FeCO; = FeO + CO»,
3FeO + CO, = Fe;0,+ CO
7.2.2.2. Sw khir cdc oxit sit thanh Fe dwéi tic dung ciia CO.
- Khtr glén tlép 3Fe,0; + CO = 2Fe;0,4 + CO,
Fe;0, + CO = 3FeO + CO;,
FeO + CO = Fe + CO,
Fe nong chay hoa tan C, P, S va cac kim loai khac tao thanh gang
- Khir tryc tiép FeO bang C ran:
Fe,0; + C, = FeO + COx
FeO + C, = Fe + COy
* Qua trinh khir gian tiép hiéu suat cao hon, vi kha ning tiép xuc tét hon
7.2.2.3. Sw oxi héa ciia than coc
C+0,(kk)=CO, AH <0
7.2.2.4. Sw tao xi
O nhiét t° cao chét tro dung tac dung véi cdc oxit ¢ trong ban qudng hodc ban
dioc tao ra trong qud trinh tao gang thanh nhimg hop chat dé chay long co ti trong
thap hon ti trong ciia sit, do d6 noi 1én trén mit cua 16p gang
7.2.2.5. Sw khir lwu huynh trong 10 cao
Mot s hop chét ciia S dé bay hoi nhu SiS, SO,, H,S bdc ra khoi gang cing khi
0.
Nhitng hop chat nhu FeS bi loai bo ¢ ndi 10 theo phan tmg:
FeS + CaO = CasS (xi) + FeO

7.2.3. L0 cao luyén gang

Hinh VII.1. Lo luyén gang

7.3. LUYEN THEP
7.3.1.Co s6 Iy thuyét

- Trong thép, Fe chiém ham lugng cao nhat ngoai ra con ¢6 C, Si, Mn, P,S.
Ham luong ctia C nhd hon 2%. Nhiém vu cia qua trinh luyén thép 1a ha thap ham
luong cua cac nguyén té nay dén mirc can thiét bang cach oxi hda chiing thanh nhiing
hop chat va chuyén vao xi.

33



Pau tién cung cap cho thép 1ong mot lugng oxi can thiét dé oxi hoa Fe thanh

FeO
2Fe + O, = 2FeO

Tiép theo, FeO khuéch tan vao khdi gang long thuc hién qué trinh oxi hoa cac
nguyén té khac thanh xi dé ha thap ham luong cua chung va khi d6 gang chuyén thanh
thep.

FeO + Mn = Fe + MnO
2FeO + Si = Fe + SiO;
FeO+C= Fe+CO
5FeO + 2P = 5Fe + P,04

Céc oxit dugc tao thanh s& bién thanh xi.

* FeO du, mot phan 16n tan trong thép va ¢6 anh hudng xau dén chat luong
thép. Dé khir FeO ta lai dua vao thép mot luong vira du Mn dé hoan nguyén hét FeO
du.

* Pé ¢6 duoc thép dan dung chi can diéu hoa cic thanh phan sin c6 trong gang
trén co so cac phan Gng hoa hoc trén.

7.3.2. Cac phuong phap luyén thép

7.3.2.1. Phwong phap 10 chuyén

- Nguyén liéu 1a gang long vira méi ra khoi 10.

- Khéng dung nhién liéu dé d¢6t ma dya vao nhiét ciia cac phan img héa hoc cling véi
nhiét ciia gang 1ong ban dau.

- Thoi gian luyén: 30 phuat

- Tuong 10: gach chiu axit (SiO,, Al,O3)

- Chét tao xi: dat sét, cat.

Thoi gian luyén ngan nén khong diéu chinh dugc qua trinh nau, thép co chat luong
khéng cao

a. Lo Betxome

b. Lo Tomat

* Uu diém: von dau tu xdy dung nho, thoi gian nau thép nhanh.

* Nhuoc diém: nhiét do luyén khong cao, khong kip diéu chinh ti 1& cac chét ¢ trong
thép nén chat luong thép khong cao.

7.3.2.2. Phwong phap luyén thép Mactanh

Khong khi va khi d6t dugc dan vao 10 dot chay trén mat nguyén lidu, toa nhiét
lam toan bo vat liéu chay long, khi d6 xay ra cac phan ing nhu néu & phan trén. Mot
16p xi duoc tao thanh trén mat thép. Thanh phan va tinh chét cua 16p xi c6 anh huong
I6n dén chat luong thép. Oxi théng qua 1p xi c6 tic dung oxi hoa cic tap chét co
trong gang. ) . Cuéai thai

Thoi gian nau mot mé thép kéo dai nhiéu gio cap biad thaa
nén c6 du thoi gian dé phan tich, diéu chinh thanh loi
phéan ciia thép theo y mudn. LO Mactanh ¢4 cong suat
I6n va nhiét do luyén thép cao nén tao ra thép c6 chat

luong cao hon so vé6i cac 10 chuyén.
7.3.2.3. Phwong phap ho quang .
* Phuong phap nay dua trén co s& nhiét toa ra cia ] mNaplol

)>)

ngon lira h quang dé n4u chay nguyén li¢u
- Nguyén liéu: thép cii, gang ran.
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- Ha dién cuc Xuéng gén kim loai va dong mach dién hd quang. Dudi tdc dung cua
nhiét d6 hd quang phat ra, nguyén li¢u bi ndu chay.

FeO c6 trong kim loai oxi héa cac tap chat C, Si, Mn, P, v.v... nhu trong 10
Mactanh. Dé khir S dugc triét dé, gan cudi thoi gian nau cho voi, huynh thach (CaF,)
va bot than coc vao 10. O nhiét do cao nhd c6 CaO ma C,S bj khur triét dé hon theo
phuong trinh:

FeS + CaO +C = Fe + CaS + CO

Ciing 6 t° cao C trong than cdc tac dung véi CaO:
Cao +3C= CaC,+CO
Nho ¢6 nhiét 46 cao, & giai doan cudi ngudi ta co thé cho thém céc kim loai khac

vao dé tao ra thép hop kim.
- L0 dién ho quang rat thuan tién trong viéc ché tao cac loai thép co chét luong cao va
nau lai cac thép cii dé ché tao cac cong cu moi.
- Nhuoc diém: nang suat khong cao va gia thanh thép cao, néu dién nang dit.

O nudc ta, cac nha may co khi déu c6 cac 10 dién hd quang nhoé tir 0,5 -1 tin thép/
mot me.
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Chuwong VIII: TONG HOP MOT SO HQP CHAT HU'U CO CO BAN

8.1. SAN XUAT RUQU ETYLIC (C,HsOH)

Ruou etylic duge s dung rong rdi trong cdng nghiép va doi séng nhu dung
lam dung mai, dung trong nganh y hoc va cong nghié¢p thuc pham. CAC PHUONG
PHAP SAN XUAT
8.1.1. Phuwong phap l1én men

(CeH100s)x + XH,0 —™8 xC¢H1,06 (1)
CoH10p —200 2 C,HsOH + 2CO, (2)

8.1.1.1. Qua trinh dich hoa

Muc dich: Amilaza la loai enzim chuyén ho4 tinh bot. Binh thuong tinh bot khong &
trang thai hod tan nén tac dung cia men amilaza 1én nd rat kho khan, qua trinh dich
hoa lam pha v& cau tric caa hat tinh bot va chuyén vé trang thai hoa tan, gidp cho su
tac dung cua amilaza 1én n6 hi¢u qua hon

- Thudng ndu & "~ 145°C (ng/ lidu chua nghién k§) hodc t*~130°C (ng/ li¢u nghién
k) o

- Nhirng bién doi xay ra trong qua trinh dich hoa:

Khi dun tinh bot véi nude 18n t6i 40°C, hat tinh bot bat ddu truong nd, khi nhiét
d6 cao hon thé tich cta hat tinh bot tiép tuc tang, mdi lién két gitra cac phéan tir ciia hat
tinh bot yéu dan va téi mot lac nao d6 thi cac phan tir tinh bot tan ra, hién tuong nay
goi 1a hd hoa.

Photpho trong méi lién két tinh bot bi dirt ra & dang tu do va tao thanh axit photphoric.
8.1.1.2. Qua trinh dwong hoa

- Do ndm men khong c6 kha niang chuyén héa tinh bot thanh ruou. Chung chi cé kha
nang str dung duong va chuyén dudng thanh rugu. Vi vay sau khi dich hoa va trudc
khi 1&n men, tinh bot can duogc chuyén thanh dudng. Su chuyén hod tinh bot thanh
duong c6 thé xay ra nho xuc tac héa hoc (axit, bazo) hodc men amilaza (cta thoc
mam hodc nim méc).

+ Chuén bi dich amilaza tir thoc mam:

Théc — phan logi — 1am sach — ngdm — ndy mdam — sdy — nghién — phaoi ché
dich men

+ Hién nay nganh vi sinh vat hoc phat trién manh va dugc ung dung trong nhiéu
nganh cong nghiép, nganh san xuét ruou da ap dung qua trinh dudng hoéa nho dich
amilaza tir nAm moc.

* Pé duong hoa khéi chao nguroi ta tién hanh nhu sau:

- Lam lanh khéi chao dén nhiét do thich hop cho sy hoat dong cia men amilaza.

- Tron dich men véi khdi chao dé 1am lodng va duong hda

- Lam nguoi dich duong hoa dén nhiét 6 1én men va bom sang bd phan 1én men.
8.1.1.3. Qua trinh 1én men ruwou

- La qua trinh bién duong thanh ruou etylic dudi tac dung ciia ndm men.

- Nhiét 6 1én men 25 - 30°C. Hai phan tmg (1) va (2) Xay ra trong khoang 50
gio. Tir 1 tan ngii cdc cho khoang 280 kg etanol va 260 kg CO, (san xuét nude da kho
va nén vao chai, dung trong doi song va san xuat). Hon hop phan tng chira 8-12%
etanol.

Lén men 1a giai doan cudi cling va chii yéu nhat ciia qué trinh san xuat ruou. Trong
qué trinh nay, cac chat men ctia nAm men thuc hién qua trinh thay phan duong phtc
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tap thanh duong don gian, con cac dudong don gian nhu glucoza, fructoza cé thé 1én
men truc tiép va nhanh.

Ngoai ruou etylic cOn tao thanh mot s6 san pham phu nhu glixerin, axit succinic,
axetaldehyt, metylic va mot hdn hop amilic, butilic...goi chung 13 dau fulzen. Thuong
95% duong chuyén thanh ruou va CO,, con 5% dudng bién thanh céc san pham phu
khac.

- Lén men chinh: Toc do 1&n men nhanh, 90-95% tong lwong ruou tao thanh & giai
doan nay - - Lén men phu: Téc d6 1én men cham, duong tlep tuc dugc chuyén hoa
thanh ruou va cac san pham tao huong thom cho ruou thanh pham
Céc chi tiéu ky thuat ciia ddm chin duoc danh gia bang cac chi so sau:
+ D¢ [én men: La d6 duong sau khi 1én men. Pugc tinh theo % d6 saccaromet.
+ D¢ axit: La chi tiéu danh gia do tinh khiét cua qua trinh 1én men. Trong qua trinh 1én
men d9 axit ting 1én 0,2% do sy hoat dong séng clia nAm men. Néu do axit ting 1én
qué mure cho phép ching t6 co s hoat dong cua vi khuan va gay trc ché sy hoat dong
Clia ndm men.
+ DG rwou ciia dam chin 1a % ruou thu dugc trong qua trinh 1én men.
8.1.1.4. Chung cit va tinh ché rwou etylic
- Chung cat: Muyc dich chinh 1a tach ruou etylic cling cé4c tap chat dé bay hoi ra khoi
dam chin, sau khi chung cét ta thu duoc con tho.
- Tinh ché: tach ruou etylic trong con thé ra khoi cac tap chat dé bay hoi khac
Ruou vang (do 18n men tir nudc qua), ruou can 1a loai ruou khong chung cat.
8.1.2. Phwong phap thuy phan gb

G dugc thiy phan bang dung dich H,SO, lodng (0,3-1%) & nhiét d6 160-
180°C va &p suit 12 atm. Trong qua trinh thuy phén cac polisaccarit chuyén thanh
monosaccarit

(CeH10Os)n + NHO  ___  nCeH1206

xenlulozo glucozo

Trong go co khoang 50% xenlulozo, sau khi thuy phan tao thanh glucézo theo
phan mg trén, tién hanh 1én men dé tao thanh ruou.
8.1.3. Phuong phap tong hop
- San xuat rugu bang phuong phéap téng hop cho hiéu suit thu héi cao va nong do
ruQu cao

Thuodng téng hop ruou etylic theo phuong phap hydrat hoa olefin. Rugu tong
hop duoc str dung 1am cao su tong hop, axit acetic, huong liéu, duoc pham va nhiéu
chat khac.
* Nguyén li¢u: la etilen

Etilen 13 san pham cua qué trinh cracking va nhiét phan dau mo. Ngudi ta
ding c4c phan cat ddu moé (xang, dau hoa), hodc khi thién nhién, khi ché bién dau mo
c6 chira etan, propan, butan... nhiét phan trén 700°C, sau d6 chung phan doan & 4p
suat thap dé tach riéng cac olefin
8.1.3.1. Hidrat hoa gian tiép cé axit sunfuric tham gia
Nguyén liéu: hdn hop c6 47-50% thé tich etilen, 50 - 52% etan va 1% chét khac.
+ Giai doan 1: Etilen tdc dung véi1 axit sunfuric tao thanh etyl sunfat axit va este dietyl
sunfat.

C2H4 + HzSO4—) CzH5OSOzOH
2C2H4 + HzSO4 - (C2 50)2802

Dleu kién t6i wu ciia phan ung: ap suét riéng phan cua etilen 1a 15at, t°= 70-

85°C va nong d6 axit sunfuric 97 -98%.

37



+ Giai doan 2: Thuyy phén este bang nudc.
C,Hs-0-S0,-OH + H,O0 — C,Hs0H + H,S0O,
(C2H50)2802 + 2 H,O —» 2C,H;0OH + H,SO,

Trong qué trinh con ¢ san pham phu 1a dietyl ete. Pé giam san pham phuy, ta
tach nhanh ruou ra khoi ving phan tmg, hay cho du nudc dé tién hanh phan ung thuy
phan ete.

C,HsOC,Hs + H,0 — 2C,HsOH  (t° thich hop 12 90-100°C)

Can tinh toan ti 16 H,O/H,SO, sao cho sau khi thuy phan ndong d6 H,SO4 > 50-
60%.
8.1.3.2. Phwong phdp hidrat héa truc tiép etilen
Diédu kién: t° = 280-300°C; P = 70at; xUc tac HsPOu/silicagen hodc alumino silicat.
Trong xuc tac chira 35% H3PO, tu do va co kha nang lam viéc trong 400-500 gio, sau
d6 giam hoat tinh phai thay méi. Pay 1a phwong phap don gian va dugc phét trién
nhanh.

CH,=CH, + H,0 S C,H:OH AH = - 46,2 Kj/mol.

Phan {mg tién hanh trong pha hoi. Do H;PO,4 dé bay hoi va an mOn manh thiét
bi, gan ddy nguoi ta st dung xuc tac vonfram oxit WO3z

Ti 18 hoi nudc/olefin 14 0,6/1 dén 0,7/1. Mitc do chuyén héa sau mdi qué trinh
~ 4,5% theo etilen hodc 7% theo nude. Hiéu suét xic tac theo ruou 200 kg/m°h. San
pham thu duoc 1a dung dich rwou 15%. Tuy mitc do chuyén hoéa sau mdi lan nho
nhung do tudn hodn etilen nén hiéu suat chung cua ruou dat 95%.

8.2. SAN XUAT ACETYLEN

- Acetylen la mot san pham quan trong trong nganh céng nghiép tong hop hiru co
-0 dang nguyen chat acetylen co6 mui ete nhe, khi chay toa nhiét manh nén thuong
dung dé cit, han kim loai.
- La nguyén li¢u dé san xuét cac hop chit hiru co CH;CHO, CH3COOH, C,HsOH, =
nhua
8.2.1. Phwong phap Cacbua canxi: thuong san xuét acetylen dé han cit kim loai
CaC; + 2H,0 = C;H, + Ca(OH), + 130K]
8.2.2. Phwong phap di tir RH loai paraphin: C6 2 phuong phap, nhiét phan oxi hoa
va cracking
8.2.2.1. Nhi¢t phin oxy hod
Nguyén liéu ban dau 1a khi thién nhién qua cac qua trinh nhiét phan thu dugc CoH,
2C,H, M9 CH=CH + 3H,
hoge C,He 2% CH=CH +H,
Diéu kién: 1a tang t° va giam 4p sudt nhiét d6 cang cao, hiéu suit chuyén hoa C,H,
cang lon
Tuy nhién ¢ nhiét do 1400-1500°C C,H, s& bi phan huy
C2H2 nhiét do cao 2C + H2
Pé khic phuc nhuogc diém niy thudng tién hanh phan ung véi van toe 1om.
Nguyén liéu chi ¢ trong khu vuc phan tmg 1/1000 gidy, sau d6 1am lanh nhanh dé
acetylen tao thanh khoi bi phan huy.
8.2.2.2. Phwong phap cracking:
2CH4 e C2H2 +3H2
C,Hg —— CyH; + Hy
C0 2 loai cracking: cracking nhiét va cracking dién
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8.3. SAN XUAT VINYL CLRUA (CH, =CHCI)

VC la ban san pham quan trong cua cbng nghiép san Xuét chat déo,
polymevinylclorua va cdc polime dong trung hop. VC dung chu yéu dé tring hop
thanh polivinyl clorua (PVC), dung dé san xuat soi hoa hoc clorin, son chiu dn mon
V.V..

CAC PHUONG PHAP SAN XUAT
8.3.1. Phuwong phap di tir axetilen
Thuyc hién phan tmg cong véi HCI, °C = 140 -210°C, 4p suit 1,5at trong pha khi
CH=CH + HCl — CH,; = CHCI (Xduc tac 5-10% HgCl,/than hoat tinh)
8.3.2. Phuwong phap di tir etilen
8.3.2.1. Sén xudt trong pha khi:
CHZ = CH2 + C|2 - CH2C| - CH2C|
T° phan @mg 100°C, 1,2 -diclo etan (Kp: 83,5°C) duoc 1am lanh tuan hoan lai
thiét bi, mot phan dugc cat tach ra ¢ dang sach.
- Tiép theo: dehidro héa 1,2-diclo etan trong thiét bi éng & 400 -500°C, &p suat 1-4
MPa
CH,CI - CH,Cl —» CH, = CHCI + HCI
tao thanh VC (Kp : - 13,4°C), tach ra cling véi nudc tuan hoan. Sau dé chuyén hoa
hidro clorua bang etilen va oxi hodc khong khi, & 300°C ¢ mat CuCly/chat mang
Al,Os.
CH,=CH, + 2HCI + 0,50, - CH,CI - CH,CI + H,0
Phan tmg d4 sir dung luong 16n HCI sinh ra dé oxi hoa etilen. 1,2-diclo etan
quay tro lai thiét bi nhiét phan.
8.3.2.2. Sdn xudt trong pha long
CH,CI -CH,CI + NaOHyy — CH, = CHCI + NaCl + H,0
Néu du kiém: CH,CI -CH,CI +2NaOH — CH =CH + 2NaCl + H,0
Néu du nudc, diclo etan bi phan huy: CH,CI -CH,Cl + 2H,0 — CH,0OH - CH,0OH +
2HCI Biéu kién: phan tmg tién hanh véi ti 1¢ dicloetan : NaOH 42%: metanol =1 : 1,1
:0,26. Mbi trudng dong thé vi metanol hoa tan diclo etan. t°= 60 -70°C, T phén tmg 4
-5 gio, P= 3-4at. Qua trinh tién hanh trong thiét bi 1am viéc gian doan. Phuong phap
nay c6 nhuoc diém 1a qua trinh 1am viéc gian doan, thiét bi phirc tap, kho tu dong hoa,
hao tén nhiéu nguyén liéu
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Chwong IX: KI THUAT NHIEN LIEU

Nhién liéu 1a tén goi chung cua cac chit chay hitu co ¢ dang ran, long, khi, cé
trong thién nhién hay nhan tao, ding lam nguon cung cap nhiét hodc 1am nguyén li¢u
trong cong nghiép hoa chat. Nhién liéu thién nhién gém c6 than céc loai, gb, ddu mo
va khi thién nhién.

9.1. KY THUAT SAN XUAT KHi THAN
9.1.1. Y nghia
Khi hoé than la qua trinh oxi ho& than khong hoan toan thanh khi goi 1a khi than
- Uu diém: So v6i nguyén liéu ran thi khi than ¢ nhiéu wu diém: d6t chay hoan toan,
c6 nhiét chay cao, dé diéu chinh ngon lhira, khi chay khong tro byi, d& van chuyén bang
duong éng.

Nhién liéu khi duoc ding pho bién trong 10 luyén thép, nau thuy tinh, 10 luyén
coc va lam nguyén liéu trong tong hop hoa hoc v.v...
9.1.2. Co s& hoa Iy san xuat khi than
9.1.2.1. Nguyén li chung

Pay thuc chat 1a qua trinh oxi hda khong hoan toan than thanh khi, nho cac tac

nhan chira oxi nhur khong khi, hoi nuéc, khi cacbonic hodc oxi nguyén chat. Qua trinh
nay d4 bién phan hiru co cta than thanh céc san pham khi, cha yéu gom CO, CO,, Hy,
CH,, Ny, H,S, v.v... & nhiét do dén 1200°C.
9.1.2.2. Phan tng hda hoc xay ra trong qua trinh hda khi than
Phan Gng véi oxi:

C +0; — CO, @
2C+ 0O, — 2CO (2)
Phan Gmg véi nude (khi hoa than udt):
C +HO (hoi) —» CO+H, (3)
C + 2H20 - COZ + 2H2 (4)
Phan tg v&i cac san pham khi vira méi sinh ra do cac phan tng trén:
C +CO, — 2CO (5)
C +2H, — CH, (6)

Ngoai ra con co cac phan rng phu:
Phan Gng ctia nguyén liéu khi véi CO va H,
Phan tng cta hai san pham CO va H, tao CH,
Phuong phap khi hoa than w6t theo chiéu thuan (khi duoc thoi tir dudi 1én, than
ludn d6 tir trén xudng) 1a phuwong phap dugc sir dung rong réi nhat.
9.1.3. Thiét bi khi hoa than
9.2. KY THUAT LUYEN COC
Luyén coc 1a qua trinh chuyén hod than da thanh cac san pham than cdc
- Than coc: Lam nhién li¢u ding trong cong nghiép luyén kim, san xuét phan 1an nung
chay
- Nhya than cc: Lam nguyén ligu va 1a nhién ligu dé san xuat nhiéu hop chat c6 gia
tri nhu toluen, benzen, ruou etylic, NHs...
Trong than cc ham luong C rat cao nén khi dét toa nhiét luong rat 16n, can thiét
cho cac nha may luyén gang thép.
9.2.1. Co sé hoa Iy ciia qua trinh luyén cbc
9.2.1.1. Khéi nié¢m chung:
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Thyc chét qua trinh cc hoa 1a chung kho than da khong c6 khong khi, ¢ t° >
1000 C Nung 6 1000°C R

Khong c6 khong khi

Than da Than coc

Céc phan g dién ra rat phuc tap bao gém cac hién tuwong vat Iy va hod hoc
nhu héap thy, khir hap thy cta hoi va khi, hap thu pha long cua trang thai déo, cac qua
trinh bién dbi trang thai lién hop, cac chuyén hoa héa hoc nhu déng vong, cat dut
mach...
9.2.1.2. Céc giai doan Ciia qua trinh luyén céc
a/ Sdy: Khi t° 1én dén 100-200°C, hoi 4m va khi hip phu (N,, O,, CO,, CH, ...) thoat
ra.

b/ Nhiét phan than: Nhiét d6 200 - 400°C 1a qué trinh ban cc hoa. Than bat dau phan
huy, tao thanh cac hop chat hitu co bay hoi. Phan ran con lai 1a ban cbc, con nhiéu
chat bay hoi.

Khi nhiét d6 dén 400°C cac khi tch ra gan hét va cac dong ding cua metan,
oleifin, dau bat dau thoat ra.
¢/ Giai doan tao trang thdi déo: Khi nhiét do dat 400°C khi than chuyén thanh trang
thai déo, & giai doan ndy c6 su chuyén hoa ciat mach C 16n dé tao thanh cac phan tir
thap hon. Nhiét d6 hoa déo phu thudc vao chat lugng cua than cdc hoa
d/ Giai doan két dinh: Khi khdi chat long dd dat duoc dén do nhdt nhat dinh, t>=
500°C khéi déo bit dau két dinh chuén bi cho giai doan ban cc
e/ Tao ban coc: Cac san pham thap phéan tir ting trong lwong phan tir nho cac phan
mg trung hop va ngung tu.

f/ Tao coc: Nhiét do dat dén 1000-1100°C san pham béan cbe chuyen thanh Coc su két
kh01 chit khit hon va tao nén hién tuong co lai, kh6i cdc tao cac vét nirt va ce trg nén
X6p.

Tuy theo loai than va ché d6 cdc hoa san pham thu duoc thuong bién dong.

Than m& khi dbt nong sé& tao khoi déo co kich thudc phan tir ciia chét hiru co va
d6 nhét tuong ing véi kha nang dinh bam cao nhat. Than khi tao khdi déo it nhot va
két dinh kém. Than giy tao ta khéi déo rat nhét, sy khuéch tan pha long cua khéi déo
rat kho, 1am giam kha nang két dinh gitra cac hat va khdi déo. Thuong hdn hop céc
loai than trén dé luyén céc.

9.2.2. Cac phan wrng hoa hoc xiy ra khi tao coc

* Giai doan 1 (t°<=500°C):

- Trude tién I sy dat mach cia cac hop chat di vong, ciing nhu su dit mach cua céac
nhom cacboxyl, hidroxyl .. thoat ra cac phan tor khi (N, O,, CO, H,0, H,S, CHy,
CoH,...)

- Phan tmg khtr hidro cta naphten va xicloolefin xay ra ¢ t° = 500°C tao ra etilen,
butadien, vong thom v.v...

CeH12 & CeHig — o CeHg+2H,
CH, =CH,+ CH, =CH - CH = CH>
* Giai doan 2: San pham co ban (t° = 500 - 1000°C), 1a hidrocacbon thom goi 1a nhya
nhiét dé cao. Hidrocacbon thom con cO thé tao thanh do phan ung khur hidro cua
naphten khi vong hoa olefin.
CH,=CH-CH=CH,+ CH,=CH>—> —CeHs CeHs + H;
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Ngung tu cac hydrocacbon thom thap thanh cac hydrocacbon thomcao

00 . OO
Sel Q00

Thuc ra qua trinh con phic tap va Xay ra nhiéu loai phan mg hon. San pham
tao ra hang tram loai va phu thudc vao than ban dau.
9.2.2. Gi6i thiéu 10 luyén coc
* Nguyén li¢u: Nguyén liéu dung diéu ché than cdc can bao dam tiéu chuan:
W:6-8%; Ham luong P: 0,01%; Ham luong khi ~25%
Thanh phan c& hat 1 - 3mm hoic 6 - 8mm
* Lo luyén coc:

Hinh 1X.2. L0 luyén céc
1. Buéng coc; 2. Buéng dot: 3. Ranh nhom ; 4. Ranh var ; 5. Déan khi va;, 6. Buéng
thu hoi nhiét ; 7. Khi 10 ra ; 8. Khi dot vao ; 9. Cira dan déu than; 10. Khi ra khdi 10
dot ; 11. Khivao 10 dot

9.3. KI THUAT CHE BIEN DAU MO
9.3.1.Nguon goc thanh phan va y nghia ciia qua trinh ché bién dau mé
9.3.1.1. Nguén géc

C6 nhiéu y kién giai thich khac nhau vé ngudn gbc ciia dau mo. Tuy nhién phan
I6n y kién déu cho rﬁng dau mé ¢6 nguén géc tor dong, thuc vat, nhitng sinh vat &
bién va ca nhiing xac dong, thuc vat & trén dat lién theo cac dong sdng do ra bién, qua
bién d6i tao nén dau mo. Nhiing vt liéu hiru co nay d4 tich dong va bién do6i xay ra
trong khoang thoi gian it nhat 1a hang triéu nam, dudi nhiéu didu kién thay doi khac
nhau cta moi truong, nhiét do, ap suat, vi khuan hodc cua cac burc xa do phong xa
trong long dat v.v...
9.3.1.2. Thanh phén hod hoc

Thanh phan hoa hoc cta ddu mé va dau khi néi chung rat phirc tap. Tuy vy déu
c6 mdt nét chung 1a thanh phan cac hop chét loai hidrocacbon chiém chu yéu tir 50
dén 98%, tir C; dén Cqo, trong do C; dén C, nam trong khi, con Cs dén Cgo nAm trong
dau. Chiing gom n-paraphin, iso - paraphin, xicloparaphin hay naphten, hidrocacbon
thom va hidrocacbon hdn hop. Phan con lai dao dong tir 2 dén 50% 1a cac hop chét di
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nguyén té chira O, N, S, hop chat co kim va nhya. Dau mo trén thé gii khac nhau rat
nhiéu vé thanh phan ho4 hoc, song vé thanh phan nguyén té chu yéu 1a C va H lai rat
gan nhau, thay doi trong pham vi rat hep (C = 83 - 87% va H = 11 - 14%).

9.3.1.3. Y nghia:

Dau mo cung cip mot luong 16n xang cho cac loai dong co, cung cap nguyén
liéu cho cong nghiép, tao ra nhimg san pham phuc vu cong nghiép, néng nghiép va
tiéu dung nhu cic loai sgi tong hop, chat déo, cao su nhan tao, chat tay rira tong hop,
thudc trr sdu, thude chita bénh, huong li€u, dung moi, son, thude nd v.v.. O Viét Nam
dau mo dang dugc tham do & ving thém luc dia va ca trén dat lién va bat dau khai
thac & cac mo Bach HO, Rong, Pai Hiung, Thanh Long .

9.3.2. Ché bién dau mé

9.3.2.1. Chudn vi dau thé trwéc khi dwa vao ché bién.

- Tach khi va on dinh dau: Dau ¢ dudi mat dat chiu mot ap suat Ion nén c6 mot phan
khi va xdng nhe hoa tan. Pé tranh mat mat cac chat nay trong qua trinh bao quan va
van chuyén dau tho can tach khi bang cach dun néng nhe hodc giam ap suat, mot phan
khi hoa tan va xang nhe sé tach ra, qua trinh nhu vay goi 12 6 on dinh dau.

- Tach nuéc 1an trong dau bang cach dun néng dau thd, cho chat chong nhii twong véo,
khir nhii twrong bang dién truong.

- Tach cac mudi khoang va dét cat... bang cach léng loc nhiéu 1an va chiét tach.
9.3.2.2. Ché bién giiw nguyen Cau tao (chwng cit)

Qua trinh chung cat & ap suat thuong, hodc chan khong nguoi ta thu dugc:

- Xang, lay ra & dinh thap, dung lam nhién liéu cho dong co d6t trong.

- Dau xang 12 loai dau dung 1am nhién liéu cho dong co phan luc.

- Dau hoa duoc iy trong khoang nhiét do 180 - 280°C, dung lam nhién liéu cho dong
co, cho cac nhu céu tiéu ding, nhung nhiéu nhat 12 1am nguyén liéu cho cong nghiép
hoa chat.

- Déu ning (dau x6la) duoc l4y trong khoang nhiét d 250 - 350°C, 1am nhién liéu cho
dong co diezen va ding dé cracking.

- Mazut dugc lay ra & day thap chung véi nhiét do trén 275°C, chiém t6i 40 - 50%
luong dau mo dem chung. Mazut s& dugc ché bién tiép trong thap chung chan khong
dé lay thém mot sb san pham.

Quaé trinh chung chan khong nham ha nhiét d6 soi cia mazut, tranh dugc sy phan
huy, ap suat chung khoang 60 mmHg. San pham ciia qué trinh 1a cac loai dau boi tron
va nhya dudng. Diu boi tron c6 nhiét do soi trong khoang 250 - 350°C, 1a loai san
pham c6 tam quan trong thir hai sau xang
- Hac in 1a phan con lai sau khi chung, dugc lay ra & day thap voi nhiét d§ khoang
380°C, c6 thé sir dung truc tiép hoic qua ché bién dé 1am nhua duong, chat lop.

Ché bién dau mo theo phuong phap nay chi thu duoc 20% khéi luong xang dau
tir dau tho, do d6 str dung dau mé chura kinh té.
9.3.2.3. Ché bién khir ciu tao

Quaé trinh chuyén hoa hoa hoc dau mé tir cac chat c6 phén tir luong cao, ciu tao
phirc tap thanh c4c san pham c6 phan tir luong thap, cau tao don gian hon nhd vao
nhi¢t d6 (Cracking nhiét), va XUc tac (Cracking xUc tac) goi chung la qua trinh
CraCklng Gan day coOn tién hanh rifoming xtic tac va hidrocracking dé san xuat ra
nhiéu xang hon va chat lugng xing cao hon, ddng thoi tao ra lugng 16n hon cac san
pham hoa hoc.
a) Cracking nhigr
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Phan g phan huy 12 phan tmg co ban nhat ctia qua trinh cracking nhiét, ngoai
ra con c6 cac phan tmg ngung tu thir cap, phan ing dong phan hoa, phan ting déng
vong v.v

Trude day trén 60% xing duoc san xuat bang phuong phap nay. Pong thoi,
ngudi ta cOn thu dwgce nhimg hidrocacbon & thé khi (tir C; - C,), chiém ti 1& 16n
hidrocacbon khéong no, 14 nguyén liéu quy trong cong nghiép hoa chat. Né khac véi
quéa trinh nhiét phan 13 ¢ day qua trinh duoc thyc hién & nhiét d6 trén 700 - 800°C
hodc cao hon va 4p suat thuong cao hon chut it dé tao ra hop chat thom va céc
hidrocacbon khong no & thé khi, bén canh ¢6 san pham long chira nhiéu hop chat
thom nhu benzen, toluen.

Céc phuong phép cracking nhiét:

- Ap suét cao (12 - 70 at) va nhiét do twong dél thip (duéi 540°C);
- Ap Suat thap (2 - 5 at) va nhiét d6 dudi 600°C;
- Ap suét thuong va nhiét do cao(670 - 720°C);

Cracking nhiét cho san pham theo ti 18: Xang 13%, khi 5%, cin 80%, mat mat

2%.
b) Cracking xuc tac

Nhimng bién d6i hod hoc xay ra trong qua trinh cracking xuc tac rat phirc tap, c6
thé néu mot so phan mg chinh xdy ra nhu sau:

- Phan ing phan huy mach nhiing phan tir c¢6 kich thudce lon thanh nhitng phan tir ¢
kich thudc nhd hon. Pay 1a phan Gng chinh ctua qua trinh.

Cn+mH2n+2m+2 ->C H2n+2+ C H2m
- Phan u’ng dong phan hoa 1a phan {mg tao ra hidrocacbon ¢ cau triic mach nhanh.
Pay 1 ciu tir 1am tang tri s6 octan cla xang.

CHjs - (CH,)3- CH3-> (CH3),CH - CH; - CH;
- Phan g chuyén doi hidro: 12 qué trinh két hop hidro vao phan tir hodc thé mot hay
vai nguyen tir trong phén tir bang hidro dudi tic dung cua xuc tac, vi vay lam no dugc
mot s6 hydrocacbon khdng no, nhd d6 1am ting kich thude 6n dinh hoa hoc cac san
pham thu duoc

CH=CH+ Hz—) CH2: CH2

CHZ = CH2+ Hz —> CH3 - CH3
- Phan g ankyl hoa va khir ankyl: phan tng ankyl ho4 xay ra manh & nhiét d¢ thép,
s& 1am giau hiéu suat khi; con phan tmg khir ankyl ho4 xay ra manh & nhiét do cao,
phan mg nay tao nhiéu khi.
CHZ =CH - CHz - CH3 + (CH3)2CH - CH3 —> (CH3)3C - CH (CH3) - CHz - CH3
- Phan ung khu hidro - vong hoé cac hidrocacbon no

CH3 - (CH2)4 - CH3 —> CGHG + 4H2
- Khtr hidro cac naphten: Cg Hi; —> CgHg + 3H>
- Phan tmg tring hop xay ra & t° thap, 4p suat cao, chu yéu déi v6i hidrocacbon khong
no.
- Phan tng ngung tu xdy ra dbi v6i hidrocacbon da vong. Phan tmg nay Ia phan tng
tao ra coc bam 1én bé mat xtc tac, 1am giam hoat tinh xuc tac.

Ngoai nhitng phan tmg chinh trén con ¢ thé xay ra mot s6 phan (mg phu khéc.

Vé tc do phan tng, so voi cracking nhiét, cracking xuc tac co téc do 16n hon
nhiéu (dén hang tram, hang nghin Ian) Nho d6 chon loc cua xuc tac cho phép qua
trinh xay ra theo xu huéng tao san pham mong mudn.

Xuc tac cracking:
¢) Riforminh xutc tac
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Tir céc loai nguyén li¢u chung cét truc tiép, xing cta qué trinh cdc hoa, xang
cracking nhigét, tién hanh rifominh véi xac tac 1a MoO,/Al,O3 hodc Pt/AL,Oz. Qué trinh
ding xuc tac platin con c6 tén platfominh, néu thuc hién ¢ nhiét do 480 - 510°C va ap
suat 15 - 30at, thi tao thanh benzen, toluen, xilen, néu & 50at thi tao thanh xing co chi
s6 octan cao. Trong qua trinh platfominh, ngoai cac san pham 1éng, nguoi ta ciing thu
dugc cac san pham ¢ thé khi (hidro, metan, etan, propan,. )

Qua trinh rifominh tao ra san phdm xing c6 chat luong cao, chira nhiéu
hidrocacbon thom va paraphin, hidrocacbon olephin < 3%, hidrocacbon naphten <
10%. Hidrocacbon thom c6 nhiét do sdi cao, co chi sb octan cao. Hidrocacbon thom
nhan dugc 1a benzen, toluen, xilen, [am nguyén li¢u téng hop. Trong khi chira 70-90%
hidro, mot phan hoan lai thiét bi phan ing, mot phan dung dé 1am sach san pham va
sir dung cho qua trinh hidrocracking, san xuat dau nhon.

d) Hidrocrackinh
Xdc tac hidrocracking dugc dung la:
Co0(2%Co) + M003(7%)/Al,05 - SiO, tong hop
NiS(6% Ni)/Al,O; - SiO, Tong hop
Ni(7%) dat sét + HF

Nguyen IIeu dung la xang nhe, xang khi, can dau ning, phan cit nhya than da va
da dau dé san xuat nhién liéu cho ndi hoi.

Muc dich ctia qua trinh nay 1 1am no hoa cac san pham bang hidro, 1am b&o hoa
céc olephin vao hidrocacbon thom, san xuét ra dugc nhiéu xing va xing ¢6 chit luong
Cao.

Hién nay qua trinh rifominh xdc tac va hidrocracking dang duogc ap dung rong
ral.
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CHUONG X: SAN XUAT MOT SO HQOP CHAT CAO PHAN TU

10.1. SAN XUAT CAO SU

Cay cao su ¢ ngudn gdc & Nam M¥, moc hoang dai trén mot dia ban rong 5-6
triéu km?, bao gdm toan b luu vuc séng Amazon va cac viing ké cén.
10.1.1. Cao su thién nhién
10.1.1.1. Mi cao su
Mu cao su 12 mot dung dich keo, vé thanh phan hoa hoc gdm c6:
Cis -1,4 - poliisopren 35-40%  Chat dam 2% Puong va inositols

1%

Nhua 2% Chéatkhodng 0,5%  Nudc ~
60%
10.1.1.2. So' ché mii cao su

Mu cao su sau khi cao, dé tranh doéng tu nguoi ta cho thém 3% amoniac va 5%
formon hoac hdn hop amoiac va axit boric. Formon duoc cho vao chén cao lic 1ay
mu, con amoniac cho vao thung chira khi thu mu.
Loc mu va lam dong tu mu nudc:
- Dung ray loc don gian hodc may loc quay tron dé tach mu dong, canh 14, vo cay.
- Ché bién mu dong tu thanh to mong, hat, thanh, crep r0i dem say kho sau d6 dem
dong banh, bao quan va ton trir dé xuat di noi ché bién thanh cac san pham cao su.
10.1.1.3. Ché bién sin pham cao su thién nhién
Nguyén lidu: 12 mi nuwée & ndong do binh thudng hodc d4 cd; mi khé van co tinh dan
hoi.
a. So' luyén cao su (CON goi sy nhai nhoi)
Pau tién 1am cho cao su tré nén mém déo nghia 1a chit dat nhitng chudi dai cao phan
tir, thanh doan ngin c¢6 khéi lugng phan tir nho hon, khoang 400 000, dugc mot thir
bot nhédo
- May nhoi gom 2 tryc bang gang quay nguoc chiéu nhau. Truc quay cham c6 van toc
1a v, thi truc quay nhanh c6 vén téc 14 1,4v. Thuong truc quay cham c6 van téc khoang
vai vong/phut.

Trude khi cao su vao may nhoi, can 1am cho cao su tré nén mém va xdp giong
nhu mot to crép, roi chudi vao giira 2 truc dé cho may nhai kho. Cao su chén giira 2
truc s€ bi can thanh mot cudn nho 1én ¢ gitra. Sau khi may chay dugc khoang 10 phat
cac cao phan tir cao su bi chat dut thanh timg doan va dugc moét thir bot nhdo nong,
dinh va rat déo.
- Khi ra khoi may cao su c6 nhiét 6 khoang 80 -100°C.
b. Nhao tron cdac phu gia
- Phu gia tao hodc xuc tién su luu hoa, cai thién co, 1i tinh, phong chdng sy 130 hoa
Véi cac may tron hién dai, may quay nhanh, nén nhiét do cao su tang cao, khi ra khoi
may nhiét do cao su 170°C vi vy can giam nhiét do tranh cao su c6 thé bat dau bi luu
hod, nén cho sang may nhoi thir 2 ¢6 nudc chay trong 10ng hai hinh try. May nhoi thir
2 nay ¢6 nhiém vu 1am ngudi hdon hop cao su xudng nhiét d6 khong khi bén ngoai va
can cao su thanh 14 tron lang, c6 bé day khoang 1 -1,5 cm.
c. Gia cdng hon hop: Can mong, dan thanh soi hodc thanh dng, duc 16p xe, dé day
V..V,
d. Sw leu hod: Nho tac dung ciia lvu huynh. O nhiét d6 >120°C va &p suit cao S chay
long va két hop cac chudi phan tir cao su véi nhau, tao ra mot mang ludi chat hon
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trude khi nhao tron. Vi vay cao su luu héa cimg chic hon va cé tinh chét co i cao hon
cao su nguyén chat, han ché duoc sy 140 hod, cai thién duoc nhiéu tinh chit co i cia
cao su, chéng rach, mai mon

Vai tim cao su ¢6 thé luu hoa bang khong khi nong & 130°C, 16p xe thuong luu
hod nhiét do 160°C, ¢ khi cao hon; dé giay thudng luu hoa & 200°C.

« CH, CHs SH
CH, - C = CH- CH- ... ...-CHZCECH-CH-...X
3
Zn0O
CHs S|H pry |H3 +H,S
S
|3542-C:CH-CH-... ...-CH,C=CH-CH-...

10.1.1.4. Cong nghiép cao su mii nuwéc (hay cong ngh¢ latec)

Phuong phép ché bién tir ma nude thuong dung la phuong phap nhung. Nguoi ta
dung nhitng khuén bang str, thuy tinh, nhom, go dénh vecni, roi nhing vao mu nudc
6 pha tron thém chat luu ho4, chét ting toc d6 luu hod, chit chéng 130 hoa... Nhing
di nhung lai nhidu lan dé duoc do day thich hop boc ngoai mat khuon. Sau d6 dem
phoi trong khong khi nong 80°C. Phuong phap nhing dung 1am nam vi cho tré em,
gang tay, dung cu y khoa...

10.1.2. Cao su tong hop

Cao su thién nhién chi dap tmg dwoc 1/3 nhu cau cao su thé gidi. Cac loai cao su
tong hop, dic biét 1a cao su buna - S, cao su buna — N, cao su cloropren ciing nhu cis -
1,4 -polibutadien va cis - 1,4-poliisopren cO y nghia quan trong.
10.1.2.1. Nguyén li¢u

Butadien 1a mot trong nhitng monome chii yéu dé san xuét cao su téng hop.
Trong c6ng nghiép cao su tong hop, ngudi ta diéu ché butadien bang cach khir hidro
cua butan.

a. Piéu ché tir butan
+ Diéu ché butilen tir butan.

CHs- CH;- CH,- CH; > CHy= CH - CH,- CH3 AH= +117kJ/mol
+ Diéu ché butadien tir butilen:

2CH;=CH-CH,- CH; > 2CH, =CH-CH=CH;, + H;
b. Piéu ché tir axetilen: Xic tac Ni, °C = 110°C va P= 30 MPa tao ra butadiol - (1,3).
Giai doan cudi cung butadiol - (1,3) chuyén thanh butadien-(1,3) véi xtic tac 1a Na
poliphotphat & 270°C trong pha khi: Hiéu suét tao thanh Ia 70%...Véi 1,5kg axetilen
dugc 1 kg butadien.
CH=CH—CH;3;CHO—CH3-CH-CH,CHO—CH3-CH-CH,-CH, — CH,=CH-CH=CH,
+2H,0
10.1.2.2. Sdn Xudt cao su tong hop
a. Trung hop huyén phu
b) Trung hop dung dich

10.2. CONG NGHE SOI HOA HQC
10.2.1. Khai niém chung ) i

_ Soi lavat liu thu dugc tir chét v6 co hay hiru co tong hop hodc thién nhién, c6
chiéu dai gap hang tram, hang nghin lan duong kinh. Gom: s¢i thién nhién va soi hoa
hoc.
10.2.1.1. S¢i thién nhién
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a) Spi bong

b) Len

¢) Soi to tam
10.2.1.2. Sgi hoa hoc

Soi hoa hoc dugc san xut ra dudi hai dang chinh la xo va to. Dé san xuit to
chun, co nhleu phuong phap khac nhau, nhung deu theo nguyén tic chung: kéo cang
So1 dén mirc t6i da va cudn 1én cac éng s01 - de s01 on dinh nhiét ¢ trang thai cang ay -
cudi cung "tha long" s¢i cho co tu do roi cudn vao ong soi, soi s& co hinh xoin,
phong, x6p, ¢ do chun cao.

Tinh chét nhiém dién cta s¢i can dugce luu Y. Soi dé nhiém dién nén thuong hut
bui tir khong khi 1dam quan 4o ta mic chong bi ban. Soi héa hoc (gdm soi nhéan tao va
soi tong hop) c6 nhiéu tmg dung trong may mac va trong ky thuét.

10.2.2. San xuit soi thién nhién

Soi nhéan tao co6 ngudn gbc tr nguyén liéu tu nhién nhu xenlulozo, protit,
anginat. Tir xenlulozo thu dwogc visco, thuong Im® g& cho 200kg xenlulozo tuong
duong cho 151 kg soi.

* Sin xuit soi visco

Nho tinh chat hat 4m nén quan 4o soi visco hop vé sinh, 1am vai 16t cho quan
40. Soi visco dé dang pha tron véi cac loai soi khac va dem lai cho loai vai mégi nay
vu diém thoang mat va hit mé hoéi. Ngodi may mic, soi visco con duge ding trong
cong nghiép 1am vai manh cho 16p xe, chat don trong vat liéu tim, chat déo compozit
va nhiéu cong dung khéc.

a) Nguyén li¢u

Chu yéu 1a xenluzo, gd: gd bd dé, théng, bach dan, cdy mé .... Nguyén liéu nay
nhap vao nha may dudi dang cac tim bia xenlulozo (600 x 800mm).

Xenlulozo trong gb lam nguyén liéu phai dam bao 88% o- xenlulozo
(xenlulozo khong tan trong dung dich NaOH 18 - 20% & nhiét d6 phong); khdi lugng
phan tir khoang 100000 - 150000, néu phan tir lwong thap thi do bén va do déo cua soi
s€ kém.

b) Diéu ché dung dich kéo sgi

- Kiém héa: Céc thm gb duoc xép du:ng giita cac tdm thép duc 15 trong thing kiém
héa, chira dung dich NaOH 17,5%, t° = 20 - 50°C, thoi gian 10 - 60 phdt, trong qua
trinh kiém hoa xenlulozo tac dung véi NaOH bi truong manh va tao thanh xenlulozo
kiém (alkali-xenlulozo) NaOH

[CeH;O0,(0OH)s], RO |: C6H702(OH)2ﬁ

Na

dong thoi xay ra phan tng: [CeH702(OH)s]n + NNaOH — [CeH70,(OH)s]NaOH],
Céc hemixenlulozo va tap chét polisaccarit tan trong kiém. Sau d6, kiém du

dugc ép hét va cac tam alkali-xenlulozo duoc lay ra khoi thiét bi kiém hoa. Dung dich

kiém du dugc loai cac chét tan va dung lai.

- Nghién: Xenlulozo kiém hoa dugc dem nghién trén may nghién lién tuc hoic gian

doan. B phén chu yéu ctia may nghién lién tuc 13 hai thét, mot cd dinh mot quay, do

min quyet dinh bang khoang cach giira hai thot.

- Ndu so bé: Pay 1a qua trinh oxXi hoa Xen|u|Ozo bang oxi khong khi trong mdi truong

kiém. Qua trinh duoc tién hanh ¢ °= 20 - 22°C, T=30 - 50 gio. Giai doan nay thuong

cho thém céc chat xuc tac nhu MnCl,, CuCl,, MnSO,,CoCl,, CoSO,. Qué trinh nay
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lam giam d6 tring hop xudng 2 -2,5 lan, do d6 giam d6 nhét cua dung dich kéo soi &
giai doan sau, 1am qua trinh tao hinh sgi thuc hién dé dang.

- Xantogenat hoa: Xenlulozo la mét polime kho tan trong dung moi. Vi viy, phai
chuyén thanh din xuit ete cila xenlulozo va xantogenat xenlulozo dé tan trong kiém
lodng.

Na C=S

|
SNa n

Qua trinh thyc hién ¢ £ = 22 -30°C, T=1 - 2 gio, trong thiét bi dic biét.
+ Khi qué trinh xantogenat héa két thuc, cho tiép kiém lodng vao dé hoa tan
xantogenat. Xantogenat xenlulozo dé tan trong kiém lodng (4 - 7%) tao thanh mot
dung dich nhét. Vi d6 tan cua xantogenat tang khi ha nhiét dg, nén qué trinh hoa tan
nay phai tién hanh & nhiét do 6 -10°C trong khoang 4 - 5 gio. Dung dich c6 mau vang
da cam, thuong chira 8 -9% xenlulozo va 6 - 7% NaOH goi 1a dung dich visco.
- Ndu visco: Dung dich visco mdi xantogenat hoa khong dung dé kéo soi ngay duoc vi
n6 khdng thé hoa ran nhanh, can phai giam d6 bén ciia visco dé n6 nhanh dong tu khi
tao hinh.

Thuc chét cua qué trinh nay 1a 1 visco trong thoi gian 18 - 30 gio ¢ t°= 16 -
18°C +nH;0
C6H702(qH)20
P
SNa

|:C5H702(OH)20 :| + nCSZ% C5H702(OH)2?
n

[C5H702(OH)3]n +nCS, + nNaOH

CS, va xut phan tng tao thanh nhiéu san pham trong d6 cha yéu 1a natri

thiocacbonat.
3CS; + 6NaOH — 2Na,CS; + Na,CO3; + 3H,0

Do qua trinh phan hily ma do bén cua visco giam (do chin cang cao). Dung
dich visco duoc tron déu dé dong nhét vé do chin va ndng do, roi duge dua qua may
loc khung ban nham tach cac tap chat co hoc. O may loc ra, dung dich dugc dudi hét
bot khi va cachon sunfua. Thoi gian tach bot kéo dai khoang 10 - 20 gio, dam bao dé
bot khong khi thoat hét khoi dung dich, nhd vay soi sé& khong bi dut khi kéo.
¢) Giai doan tao hinh sgi:

Khi sg¢i chay qua, trong dung dich xay ra cac phan tng sau:
- Pong ty visco dudi tac dung cia chét dién li
- Phén hiy xantogenat dudi tac dung cua axit.
- Phan hily cac tap chit sunfua ¢ trong visco 1am thoét ra H,S va CS,. Cac mudi
sunfat taing cuong qua trinh dong tu va kKim hdm qué trinh axit sunfuric phan huy
xantogenat xenlulozo:
2 C5H702(OH)20 -C=S + nH,SO, —> 2 [C5H702(OH)3]n + nNa,SO,

|
SNa n

Do céc phan tmg trén, trong qua trinh kéo soi, thanh phan va nhiét do cua dung
dich két tua lién tuc thay doi. Vi vay, phai lién tuc gia nhiét, tai sinh dung dich va bo
sung dung dich m&i nham 6n dinh nhiét d6 va thanh phan dung dich két tia.
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- Cugn soi : cudn soi lién tuc hoac gian doan.
d) Hoan thién soi: T ~ 3 - 4 gio. So¢i visco sau khi dd qua cac qua trinh trén, van con &
trang thai truong va chira khoang 80% dung dich dong tu, do d6 can phai duoc xtr 1y
tiép tuc:
- Rira bang nude ¢ 40 - 50°C dé loai axit sunfuric va mudi.
- Loai trir S bang dung dich 1 - 2,5% natri sunfit, Xt hodc natri sunfat & nhiét d6 40 -
70°C.
- Rira bang axit yéu dé loai cac mudi kho tan.
Véoi soi dét, can ty tring dé loai Fe va c4c tap chit c6 mau bang Na hipoclorua & 20 -
25°C.
* Sau moi qua trinh trén, can rira k¥ soi bang nude va bang dung dich xa phong oleat
0,3%.
* Nudc ding trong qua trinh gia cong tinh can phai sach, thuong ngudi ta dung nuée
mém, khong chtra cac ion kim loai ning va cac hop chat hiru co.
10.2.3. San xuit soi tong hop

Soi téng hop co nhiéu tinh chat hon han soi nhan tao: do bén cao gép 1,5-2
lan, ¢ tinh dan hoi, ti trong thap, bén voi tac dung cla vi sinh vat va cac mdi trudng
an mon. Ngoai ra nguyén li¢u dé san xuat soi tong hop lai nhiéu va re.
* Soi polieste
a) Nguyén ligu
b/ Qué trinh trung ngung:

Piéu kién t°= 270-280°C, khong c6 khong khi, xtc tac thuong dung la amin bac

bdn, tao thanh polime mach thang, dang soi.
nHOOC-C¢H,;-COOH + nHO-CH,-CH,-OH — HOOC-[CsH,-CO-O-CH,-CH,-],-OH
+(2n-1) H,0
hoac
nH3;COOC - C¢H, - COOCH3 + nHO - CH; - CH, - OH—
— H3COOC[- C¢H4 - CO - O - CH; - CHy-], - OH + (2n - 1)CH3;0H

Nudc hodc metanol tich ra nhu mot san pham phu. Mach phan tir ting dan, cho
dén khi dat duoc mot khdi lugng phan tir xac dinh. Khoi polime néng chay duoc dun
qua mot khe hé vao nude dé 1am lanh va tao thanh hat nho.
¢) Giai doan kéo soi

Tir bunke, cac hat polietilenglicol terephtalat roi xudng lugi nung chay, & nhiét
d6 270 - 285°C, nhya néng chay roi xudng nén tiép nhan rdi dugc bom qua khudn
kéo. Soi néng chay & khuon kéo ra, di qua phong thoi khong khi dé 1am nguoi, roi vao
thiét bi kéo soi.
- Sau khi tao thanh, s¢i dugc kéo dan & nhiét do cao (=80°C) sao cho ti s6 kéo dan ~ 4
- 5 lan.
- Soi thuong pham hién dugc dung pha véi bong dét thanh vai popolin, phin, kaki,
simili ... ma ching ta thuong goi sai la pha nilon, chinh la pha polieste hay ndi cho
chinh x4c hon 14 polieste pha bong, pha visco, vi tinh theo ti 1& polieste chiém trén
duéi 2/3 khdi lugng va hoan toan khdng c6 mot dau vét ndo cua nilon.
Do tinh chét cach nhiét cao polieste dugc ding nhiéu 1am cac mit hang mua dong vira
am vira dé giat. Polieste nguyén chat dung lam bang chuyén, bang tai trang cao su, vai
cach dién
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PHUONG PHAP SO
TRONG CONG NGHE HOA HOC

Ma hoc phan: CH3454

TS. Nguyén Déng Binh Thanh
BM:May & TBCN Hda chat

Numerical Methods in Chemical Engineering 1

MO DAU

# Phuong phap s6 dugc dung dé phan tich va
giai gan ding cac bai toan vaéi sai s6 ndm
trong gidi han cho phép.

# ...bdi vi hau hét cac bai toan khoa hoc ky
thuat déu khong co cac IGi giai chinh xac.

@ Phuang phap s6 thudng dugc bat dau tir viéc
xay dung mo hinh, lua chon thuat toan, va
dua ra cac dap s6 gan dung.

MO DAU

@ Phuaong phap so6 ¢ vai trdo quan trong
trong nhiéu linh vuc nhu: Thién van
hoc, ndng nghiép, kién truc, ...

#Va tat nhién rat quan trong trong ky
thuat.

MO DAU

Phuang phap s6 trong Ky thuat héa hoc:

@ M0 ta bang toan hoc cac qua trinh va va thiét
bi trong cong nghé hda hoc.

# Tinh toan thiét ké cac qua trinh va thiét bi
hoat dong trong linh vuc ky thuat héa hoc.

# Tinh toan t6i uu hda cac diéu kién lam viéc
va két cau cac thiét bi hoa chat.

@ Xac dinh cac hang sd thuc nghiém bang
phuang phap hdi quy.

@ ...




NOI DUNG

@ Chuong 1. Cac phuaong phap giai phuang
trinh va hé phuang trinh.

@ Chuang 2. Phudng phap tinh tich phan

@ Chuadng 3. Phugdng trinh va hé phuang trinh
vi phan

@ Chugng 4. Toi uu héa

NOI DUNG

Chuong 1. Cac phucng phap giai phuong
trinh va hé phuaong trinh

1.1 Phu'dng phap giai hé phuong trinh tuyén tinh
va (rng dung

1.1.1 Giai hé phuang trinh tuyén tinh bang phuong
phap Gauss va phudng phap nghich ddo ma tran

1.1.2 Ung dung dé tinh todn can bang vat chat cta hé
thdng CNHH

NOI DUNG

Chuaong 1. Cac phucng phap giai phuong
trinh va hé phuaong trinh

1.2 Phu'ong phap giai phuang trinh va hé phucng
trinh phi tuyén

1.2.1 Giai phuong trinh phi tuyén bang phucng phap
1ap don gian va phuong phap Newton-Raphson

1.2.2 Gidi hé phugng trinh phi tuyén bang phuong phap
Idp don gién va phuong phap Newton-Raphson

1.3 Ung dung

NOI DUNG

Chucng 2. Phucng phap tinh tich phan

2.1 Tinh tich phan xac dinh bing phuong phap
hinh thang

2.2 Tinh tich phan xac dinh bing phuong phap
Simpson

2.3 Ung dung

2.3.1 Tinh toan thap chung luyén

2.3.2 Tinh toan thap hap thu




NOI DUNG

Chucng 3. Phucng trinh va hé phuong
trinh vi phan

3.:II.EGIiéi phuong trinh vi phan bang phuong phap

uler

3.2 Giai phuong trinh vi phan bang phuong phap
Runge-Kutta

3.3 Giai hé phuong trinh vi phan bang phucng
phap Euler

3.4 Giai hé phuong trinh phi phan bang phuong
phap Runge-Kutta

3.5 Ung dung tinh toan hé phan irng héa hoc

NOI DUNG

Chuong 4. Toi uwu héa

4.1 Tim cuc tri ham mét bién: phuong phap diém
vang, phudng phap gradien

4.2 Tim cuc tri ham nhiéu bién: phu'dng phap
gradien, phudng phap don hinh

4.3 Cuc tri cé rang budc: phucng phap ham phat
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Ngon ngir lap trinh

C6 nhiéu ngdn ngir 18p trinh c6 thé
Ung dung dé tinh toan cac qua
trinh cong nghé hda hoc:

Matlab; C; C**; Visual Basic; Delphi;
Pascal; ...

Cac pham mém (ng dung khac trong
cong nghé hda hoc: Aspen Plus;
gProms; ...




Ngon ngir lap trinh

Tim hi€u ban chét clia qué trinh va

cac Ung dung cac thuat toan

Do do: Pascal dugc st dung chinh

trong mon hoc nay!

Nhac lai cac kién thirc vé 1ap trinh Pascal
@ Cau truc chuagng trinh

Program ProgName;

Uses UnitNamel, UnitName?2, UnitNameN:
Label LabelNamel, LabelName2, LabelNameN;
Const Constl = n, Const2 = m, ConstN =k;
Type Typel = AnyType;

Var Varl, Var2, VarN : Type;

Begin

! Cac 1énh ctia chirong trinh }

End.

Nhac lai cac ki€n thirc vé 1ap trinh Pascal

Program ProgName
Uses UnitNamel, UnitNa| Khai bao nhan (khi ding Iénh goto)

Label Lal| Khai bdo céc hang s6 (mét gia tri cu thé) ’7
Consr Co

Tén chirdna trinh |
St dung cac thu vién: CRT, GRAPH,

Khai bao cac kidu di liéu dic biét nhu' ma tran, ... |

Type Typy Khai bdo cac bién s cling vdi cac kiéu tuang ting ‘
Var Vark —vaiv . Iype,
Begin

Chugng trinh chinh (Begin ...End.) ‘

End.

o T

Chu y: Can phai tuan thu nghiém ngat trinh, tu!

Nhdc lai kién thirc vé 13p trinh Pascal

#Khai bdo theo kiéu
S6 thuc: “real”
Var

a,b,c: real;

SO nguyén: “integer”
Var

i,j,k,n: integer;




Nhac lai kién thirc vé 1ap trinh Pascal

#Khai bao theo kiéu
Mang hay ma tran: “array”
DGi véi kiu nay, trudc hét phai khai béo kiéu trudc!
Type
mx = array [1..50] of real;
ma = array [1..50, 1..100] of real;
Var
X: mx;

a. ma, 17

Nhdc lai ki€n thiic vé 1ap trinh Pascal

#Khai bdo theo ki€u
Mang hay ma tran: “array”
Tuy nhién cfing c6 thé khai béo truc tiép
Var
x: array [1..50] of real;
a: array [1..50, 1..100] of real;

Nhdc lai kién thiic vé 1ap trinh Pascal

# Cac loai chudng trinh con

Dung chugng trinh con khi can thuc hién mot doan
chuang trinh 13p di 13p lai nhiéu [an.

Do dé: khi can dén nhirng doan chuang trinh nhu
vay thi chi can goi tén chuang trinh con dé.

Thuan Igi:

-Chuang trinh chinh don gian

-MUc d6 khai quat héa chuong trinh cao
-Dé& kiém tra 16i cho toan bd chuong trinh
-Thuan Igi cho ngu@i sr dung

19

Nhdc lai kién thirc vé 13p trinh Pascal
# Cac loai chuong trinh con
Trong Pascal c¢6 hai loai chuong trinh con:
-Ham (function)
Ham chi tra lai mét kiéu dif liéu va mét gia tri duy
nhat
-Tha tuc (procedure)

Thu tuc cd thé tra lai nhiéu kiéu dif liéu khac nhau va
c6 thé tra lai nhiéu gia tri

20




Nhac lai kién thirc vé 1ap trinh Pascal Nhac lai kién thdc vé 1ap trinh Pascal

# Cac loai chuang trinh con #Cac loai chuong trinh con
-Ham (function) -Thu tuc (procedure)
Vi ¢ Nhugc diém: 5 Vi du: xéc dinh gid tri cia 2 ham s8y; = 2x2 + 3x - 5;
Fur Khi tinh toan cho nhiéu biéu thirc, vi du: Y, = 5x3 —2x — 6.
= 2x2 - PR :
Y1 = 2x3 +3x-5 Procedure HAM: Khi goi thu tuc:
Be Yy, =5 -2x-6 Tinh gia tri tai x:=x1
Can phai dung: hg ddu Begin {Tinh gia tri tai x:=x1}
c 2 chuong trinh con kiéu ham . y1:=2%sqr(x) + X:=x1;
1 HAM;

y1:=5*x*sqr(x)

Khi 99i11ﬂz B e a LI — End: {C6 thé gan gia tri cho y;, ya}
y:= F(x1); '

2 y3:=y1; y4i=y2; 2

Co can chuang trinh con???

Nhdc lai kién thiic vé 1ap trinh Pascal Vi du ap dung

Thuattoziiz
@® Vidul |a)Tinhtdng
Cho ddy s6 thuqi:=0;S:=0;

# Cac loai chudng trinh con

-Thu tuc (procedure) cé tham tri va tham bi€n hinh thitc

Vi du: a) Hay tinh t8)i:=i + 1; S:=S + x{il;
Procedure HAM(x: real; Var y1,y2:real) b) Tim gia tri {b) Tim gid tri nho nhat
Begin ir=1;

yLli=2%sqr(x) + Kh,l gc_>|”tht-| tl'_IC: xmin:= mot s6 rat I6n???
' {Tinh gia tri tai x:=x1} N&u x[i] <= xmin thi xmin:=x[i];

yL=55sar() | yam(x1,y1,y2); =i+l
End; {C6 thé gan gié tri cho ys, Y.} Hoédc cach khac???
HAM(x1,y3,y4)
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% DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: TURE_

File Edit Search Run Compile Debug Tools Options Window Help
[ 8 ]=————————— PRAXISTINBAIINPTMIN.PAS

Program Tong_PTmin:

USES C

Uar

x: array [1..10] of real:

i,N: integer:

xtong , Xmin:real;

Begin

CLRSCR:

write(’nhap so cac so hang N="):ReadIn(N):

for i:=1 to N do

Begin

Write(’nhap X[’

ReadIn(X[il);

write(’tong la’,Xtong);:readln:
Xmi plococH
For i:=1 to N do
if (x[il<=Xmin) then Xmin:= x[il:
24:40 —[7
F1 Help F2 Save F3 Open Alt+F9 Compile F9 Make AIt+F10 Local menu

[] DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program:  TURBO - (s e

nhap so cac hang N=5
X[11=10

% DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: TURE_":" —
fndow _Help |

File Edit Search Run Compile Debug Tools Options
[ 8 ]=———————== PRAXISTINBAIINPTMIN.PAS
Write(’so hang be nhat la=",>min);readln;
end.

24:40 —{[
F1 Help FZ Save F3 Open Alt+F9 Compile F9 Make ALt+F10 Local menu

[] DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program:  TURBO - (s e

nhap so cac hang N=5
X[11=10
X 3
X[31=100
X[41=980
X[51=700
tong la 1.79
so hang be




Co can chudng trinh con??? !
, , 9 [ DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: TURBO- o= e S
Vi du ap dung Fil] Edit Search Run ile Debug Tools Options Window Help
Thuattoaiiz -
’ - . Program Tong_Y:
@ Vi dU 2 a) Tinh téng uses crt:
~ ~ jvar
Cho day s6 thuc x, i:=0;S:=0; i,n:integer:
= 2 - S,ymin:real:
Yi = 2x7 + 3X, ,7 ir=i+ 1 y[|]= : x: array [1..501 of real;
a) Hay tinh tong ! Y Function Flvar x:real):real;
N = il Beg i
b)  Tim gia tri nh S"? + Y[']r S rfgé:sqr(xwaxx—?:
b) Tim gia tri nho nhat End;
ii=1;
) R ~ e (’Nhap so cac so hang n =" )ireadln(n);
ymin:= mot s rat I[Gn??? i1 to n do
NEu y[i] <= ymin thi ymin:=x[i]; write ('x[’,i,”1 =" )ireadIn(x[iD);
ir=i+1;
Hodc cach khac???
29

REO o o

E DOSBox 0.74, Cpu speed: 3000 cycles, Frameslup 0, Progral

m:
'l‘n

1 to n do
||if F(x[il)<=ymin then
umin:=F(x[il1);
Hlweite CYmin = 7 ,ymin:8:4);
readln
||End .




[] DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program:  TURBO - (s e

Nhap so cac so hang n =5

Bai tap!!!

1) Thuc hién lai vi du 1 va vi du 2 bang
chuang trinh Pascal

2) Cho day so thuc tdng dan x;, X,,...,X,
va mot sb thuc x..

Hay xac dinh vi tri cta x, trong day s6
trén, biét x; < X, <X,

145.0000
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Ung dung don gian: Van d& ndi suy trong Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc ky thuat hoa hoc
= ? - 2> lﬂﬁ — et
10 ao phai sur
10i suy trong
5 oan cac qua J
> ih CN Hoéa g line,
g hac??2? S
g > fraction A | oy
é Temperature, Mole fraction A m- , "«f"h\»/
o o Liquid Vapor Pl ] 5 4
§ 62.50 0.0817 0.0500 4 | ~*
] 62.52 0.1390 0.1000 L i g
= {3;.\:: 0.2338 0.2000 ¥ »\i/
3 64.30 0.3162 0.3000 NSE S
€ 64.37 03535 0.3500 b ‘V
38 64.35 0.3888 0.4000 | /7
64.02 0.4582 05000 F L : L
63.33 0.5209 0.6000 2 -5
62.23 0.6106 0.7000 . ol
60.72 0.7078 0.8000 ¥
0 0.2 04 58.71 0.8302 0.9000 0 %
X, mole fractic 57.48 0.9075 0.9500 s * o 1o




Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Cac thuat toan ndi suy:|Tuyén tinh Lagrance,

Newton, ...

y

Nhung...
Vn Khong c6 s6 liéu
Ve thu'c nghiém!!!

/) S —.

Do la???
NGi suy
tuyén tinh!1! ;

Gia thiét dutng cong
ndi gitra hai diém la
dudng thdng

37

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Noi suy tuyén tinh Ve = Via (

Xp =X

xs__xkA)

Phudng trinh dudng
thang di qua hai
diém (x, .., va
(o)

—

X=Xp, _ V=V

X=X Vi~ Via

38

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc
NGi suy tuyén tinh
Thuat toan:
1. Chi ra khoang (x, ,x;) chra gid tri x, > gia tri clia
k

2. Pua gia tri ctia k tim dudc vao biéu thirc ndi suy
tuyén tinh

, , Ve = Ve o L
) s ) k-1 + . . ("\s - ’\A'—l)
X =X

39

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

NGi suy tuyén tinh
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX);

Begin
k:=0;
{so sanh xs v&i céac gia tri x1, .., xn}
{S6 vong 13p s& la khéng x&c dinh!!!?}
{St dung clu trac:}
{Repeat .. Until hodc While .. End}
Repeat

k:=k+1;

Until xs < x[k]; 40
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Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

NGi suy tuyén tinh
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX);
Begin
k:=0;
Repeat
k:=k+1;
Until xs < x[k];
{Ra khoéi vong ldp trén d& tim dugoc gid tri k}
ys:=y [k-1]+ (y[k]-y[k-1]) * (xs-x[k-1])
/(x[k]-x[k-11);

End; 41

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:

Cho hon hgp 16ng Bezne — Toluen, biét ham lugng
Benzen trong pha 16ng x = 0,4 (phan mol). Hdy xac dinh
ham Iugng Benze trong pha hoi § trang thai can bang.

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:

DU liéu thuc nghiém vé can bang pha:

X y T X y T

0 0 110,6 50 71,2 92,1
5 11,8 108,3 60 79 89,4
10 21,4 106,1 70 85,4 86,8
20 38 102,2 80 91 84,4
30 51,1 98,6 90 95,9 82,3
40 61,9 95,2 100 100 80,2

43

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:
Program CB1;
uses crt;
type
mX=array [1..50] of real;
var
X,Y:mX;
Xs,ys:real;
n,i,j,k:integer;
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX) ;

Begin 44
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Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX) ;
Begin
k:=0;
Repeat
k:=k+1;
Until xs<x[k];
ys:=y[k-11+ (y[k]-y[k-1])* (xs-x[k-1]
/(x[k]-x[k-11);
End;

{Chuong trinh chinh} 45

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:
{Chuong trinh chinh}
BEGIN
clrscr;
writeln (‘Nhap sb diém thuc nghiém n = ’);
readln (n);
{Nhap céc sb 1liéu cuta pha léng x[i]}
For i:=1 to n do
Begin
writeln ('x[',1,’] =%);readln (x[i]):;

End; 46

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:
{Chuong trinh chinh}

BEGIN

{Nhap cac sb 1iéu cta pha hoi & TTCB y[i]}
For i:=1 to n do
Begin
writeln (‘y[',i,’] ="');readln (y[i]);
End;
{Tim ham lugng pha hoi cén bdng véi xs=0.4}

47

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 1:
{Chuong trinh chinh}

BEGIN

{Tim ham lugng pha hoi cén bdng véi xs=0.4}
writeln (‘Nhap gid tri xs =’);readln(xs);
NOISUY (xs,ys,Y,X);

{Hién thi két qua}

writeln (‘Ham luong y can bdng, yCB =',ys);
readln;

END. 48
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Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:

Cho hon hgp 16ng Bezne — Toluen, biét ham Iugng
Benzen trong pha khi (hdi) y = 0,6 (phan mol). Hay xac
dinh ham lugng Benze trong pha Idng & trang thai can
bang.

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:

DU liéu thuc nghiém vé can bang pha:

X y T X y T

0 0 110,6 50 71,2 92,1
5 11,8 108,3 60 79 89,4
10 21,4 106,1 70 85,4 86,8
20 38 102,2 80 91 84,4
30 51,1 98,6 90 95,9 82,3
40 61,9 95,2 100 100 80,2

50

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:
Program CB2;
uses crt;
type
mX=array [1..50] of real;
var
X,Y:mX;
Xs,ys:real;
n,i,j,k:integer;
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX) ;

Begin 51

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX) ;
Begin
k:=0;
Repeat
k:=k+1;
Until xs<x[k];
ys:=y[k-11+ (y[k]-y[k-1])* (xs-x[k-1])
/(x[k]-x[k-11);
End;

{Chuong trinh chinh} 52
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Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:
{Chuong trinh chinh}
BEGIN
clrscr;
writeln (‘Nhap sb diém thuc nghiém n = ’);
readln (n);
{Nhap céc sb 1liéu cua pha léng x[i]}
For i:=1 to n do
Begin
writeln ('x[',1i,’] =');readln (x[i]);

End; 53

Ung dung don gian: Van dé ndi suy trong
ky thuat hda hoc

Vidu 2:

{Chuong trinh chinh}

BEGIN

{Nhap cac sb 1iéu cta pha hoi & TTCB y[i]}
For i:=1 to n do

Begin

writeln (‘y[‘,1i,’] =');readln (y[i]);
End;

{Tim ham lugng pha hoi cén bdng véi xs=0.4}

54

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 2:

{Chuong trinh chinh}

BEGIN

{Tim ham lugng pha léng can bdng véi ys=0.6}

writeln (‘Nhap gid tri ys =’);readln(ys);

NOISUY (ys,xs,X,Y);

{Hién thi két qua}

writeln (‘Ham lugng x can bdng, yCB =

s XS);
readln;

END. 55

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 3:

Cho hé hai nudc bao hoa, biét nhiét do clta hé la

T = 119,6 °C. Hay xac dinh ap suat hoi bao hoa ps clia
hé?

-
’TT
- .

T =119,6°C
31 8 ;

56
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Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

.
Vidu 3:
: 1000000 = 10
======X ==
e =
e e =
1 1T 1T 1T # [ density
T T T A
aturation pressur
100000 S S S S S
w
<
3
i
& 1000 % o1
£ 7
=
g 7
4 y
w
1000 a 001

Engmeenngtuulbux cam
100 Pkt P

0,001
0 20 40 60 80 100 120 140 160 180 200

Temperature (degC) 57

Density (kg/m3)

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 3:
{Chuong trinh chinh}

BEGIN

{Tim 4p suidt hoi b&o hoa tai ts=119.6}

writeln (‘Nhap gid tri ts =’);readln(ts);

NOISUY (ts,ps,P,T);

{Hién thi k&t qua}
writeln (‘Ap suédt hoi bao hoda, pS =’,ps);
readln;

END. 58

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc
Vidu 4:

Cho hé hai nudc bao hoa, biét ap suat hai bdo hoa cla
hé la ps = 2 atm. Hay xac dinh nhiét d6 clia hé?

59

Ung dung don gian: Van dé ndi suy trong
ky thuat hoa hoc

Vidu 4:
{Chuong trinh chinh}

BEGIN

{Tim nhiét ddé cua hé tai ps=2.0}

writeln (‘Nhap gid tri ps =’);readln(ps);

NOISUY (ps,ts,T,P);

{Hién thi k&t qua}
writeln (‘Nhiét dd cua hé, tS =',ts);
readln;

END. 60
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Ung dung ndi suy trong tinh toan s dia
ly thuyét va chiéu cao thap chung luyén

|
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D,XD

Sd d6 chung don gian 61

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Vapour
Condenser
Vous ‘
T Y S Plate (n+1) I
x
5
° $ Cooler ; ]
E- < h-] Cold Nt
52 ES water |
8% =1 Overhead v, |
« product (D) |
Reflux
pump Plate n
Z Feed ]
- plate Lp
se| Ty
ag Vapour
1A Reboiler Vis
(R
| == Steam
- Plate (n-1)
Condensate
Liquid Trap l
Botioms Loy
cooler
Bottoms 0 an lié 62
L P Sd d6 chung luyén lién tuc

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Plate (n+1)

Plate n

[u‘ |
Plate (n-1)

Truyén nhiét va chuyén khdi

Lugng long chay xudng
tir dia trén trao doi nhiét
va chat véi lugng haoi tir
dia dudi di 1én

Lugng léng di xudng va
Iugng hoi di Ién tir mét
dia & trang thai can bang

63

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Plate (n+1)

Lugng long di xu6ng nhan

nhiét tir dong hai va bay
hagi mot phan cau tr de
bay hai

Plate n
v Do dé:
[ Trong pha hoi @ dia trén
Plate (n-1) c6 ham lugng cau tir dé
L l bay hgi cao hon dia du'6i
Truyén nhiét va chuyén khéi trén tirng dia 64
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Ung dung ndi suy trong tinh toan s dia
ly thuyét va chiéu cao thap chung luyén

v Dong hai mat nhiét ngung
I tu mot phan cau tr khd
Plate (n+1) bay hdl
le
Plate n
v, Trong pha léng & dia du'Gi
_ [ c6 ham lu'gng cau tir khé
Pae o=t l bay hgi cao hon dia trén
L
Truyén nhiét va chuyén khdi trén tirng dia 65

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

e Consarse Di tir ddy thap dén dinh _
thap lam lugng cau tir de
T S Mty T bay hai téng danva
| | = ngung tu cho san pham
2 £ >
£5 g e 1dinh
8% =1 Overhead
© Reflux product (D)
pump
Z Feed LN > 7 ~ 7
e Hp i Di tur dinh thap xuong day
§f§ . etater thap ham lugng cau tir khd
| =2 Steam bay hdi tang dan va cho
Liquid 72 Condensate san pham day
Hnnloms
reasry _loonw  Chung luy@n lién tuc s

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén
Xac dinh s6 dia ly thuyét bang phuong phap dé thi

gos concentration y

xn
operating line

liquid cancentration x

67

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Mot dia ly
thuyét

|equi|ibrium line |

In+2

¥Yn-1

Dir liéu can bang

pha lay tir cac thuc

nghiém

Pudng can bang
dugc xac dinh tur

can bang vat chat
liquid concentrati
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Ung dung ndi suy trong tinh toan s& dia

ly thuyét va chiéu cao thap chung luyén
Cac gia thiét:

1;Kn nhiét hda hai ctia hai ciu tir bdng nhau va 1a hing
s8.

2- Nhiét lugng lam thay doi nhiét d§ cac cau tir trong thap
la rat nho so véi an nhiét héa hai

3- HOn hgp 18ng hai cau tr 13 hdn hgp Iy tudng

4- Khdng cé su trao déi nhiét véi mdi trudng xung quanh
5- Ap su&t [am viéc 1a h&ng s tai moi diém trong thap
6- Hon hgp dong vao & trang thai bdo hoa

69

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

;
Pucng lam
equilibrilurn line A Xp vl:’é‘:: dgo:n
0.8 = N
P L
T feed line
L 06 \ /V /Iﬁ
£ V@i cac gia thiét da néu thi
£ o4 < dudng lam viéc cia doan
E ﬁ chung va doan luyén la duéng
8 s /ﬁpﬁg\ thang
. WW CITu Ilg
XB ’
0 1
0 0.2 0.4 0.6 0.8 1 2

liguid concentration x;, —

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Phuong trinh dudng lam viéc

boan luyén:
R X .
y,=——x+—2L
R+1 R+l . v ? ,
Doan chung: LR M
F F TR ’
R+—  1-— F
),‘ = < 7P - X; Lma
R+l R+1" P S 1
F, PW: mol/h hodc kmol/h i\ —=3 N '
R: Chi s8 hdi luu (-) l_—."w//n

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chi s6 hoi luu: 7
xp)
Ai X X equilib I
HGi Iuu hoan toan equilibrium, line o
l
(Rmax) T -
. A
=~ 06
E X
g 04 Y AN
3 operating line
& | AP X3
0.2
X2
“
0
0] 0.2 04 0.6 3572
*8 iquid_concentration x, —>
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Ung dung ndi suy trong tinh toan s dia
ly thuyét va chiéu cao thap chung luyén
Chi s6 hoi luu: . ,

HOi Iuu nhoé nhat equirium 7
(Rmin) 5 & / "

73

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén
Xac dinh s6 dia ly thuyét bang phuong phap s6

1

4
=

equilibrium line A Xp ‘ M@t d,ia Iy thuyé,t ‘
\

? feed line y
\
) 0.6 -
§ rectlfyi_ng
c operating
g 0.4 r
c
8 X D
E-, 0.2 stripping
: operating line »
Wl
0
0 0.2 0.4 06 0.8 1 74
liquid concentration x, —=

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Xac dinh s6 dia ly thuyét bang phuong phap s6

Thuét toan? | Mgt dia ly thuyét |
ys:=Xxp \
NOGi suy tim xs

Tim ys qua phuong |
trinh duGng lam viéc XD

Lap lai cho tdi khi A

xs < xf

Chu y: Do6i véi doan luyén tinh tir xp

75

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén
Xac dinh s6 dia ly thuyét bang phuong phap s6
Thuat toan?

‘ Mot dia ly thuyét ‘

Tim yf qua duGng lam viéc
ys:=yf
NGi suy tim xs

Tim ys qua dudng lam

viéc
€ Xe
Lap lai cho tdi khi /

XS < XW

Chu y: Do6i véi doan luyén tinh tur xf | 76
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Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuaong trinh (Poan luyén)

yS:1=xp;

NLTL:=0;

Repeat
NOISUY (ys,xs,X,Y);
ys:=DLVL (xs) ;
NLTL:=NLTL+1;

Until xs <= xf;

77

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuoadng trinh (Poan chung)

yf:=DLVC (xf) ;

ys:=yf;

NLTC:=0;

Repeat
NOISUY (ys,xs,X,Y);
ys:=DLVC (xs) ;
NLTC:=NLTC+1;

Until xs <= xw;

78

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén
Chuong trinh
Program chungluyen 1;
uses crt;
type
mX = array [1..50] of real;
var
X,Y:mX;
F,P,W,xF,xP,xW,R:real;
NLT,NLTC,NLTL,n, i, k:integer;
{Cac chuong trinh con}

79

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;

{Cac chuong trinh con}
Procedure NOSUY (xs:real;VAR ys:real;Y,X:mX) ;
Begin
k:=0;
Repeat
k:i=k+1l;
Until xs<x[k];
ys:=y[k-1]+ (y[k]-y[k-1])* (xs-x[k-1]
/(x[k]l-x[k-11);
End;

80
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Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén
Chuong trinh

Program chungluyen 1;

{Cac chuong trinh con}
Function DLVL (xs:real) :real;

Begin
DLVL:=R/ (R+1) *xs+xP/ (R+1) ;
End;
Function DLVC (xs:real) :real;
Begin
DLVC:=(R+F/P) *xs/ (R+1) + (1-F/P) / (R+1) *xW;

End; 81

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;

{Chuong trinh chinh}
BEGIN
clrscr;
{sé liéu dau}
write (‘Nhap sb diém thyc nghiém n = 7);
readln(n);

{Nhép céac gia tri thuyc nghiém}

82

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;
BEGIN

{Nhép céac gia tri thuc nghiém}
For i:=1 to n do
Begin
write (‘X[’,i,'] = ’);readln(x[i]);
End;

83

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;
BEGIN

{Nhép céac gia tri thuyc nghiém}
For i:=1 to n do
Begin
write (‘Y[’,i,'] = ’);readln(Y[i]);

End;

84
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Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;
BEGIN

{Nhap cac sb liéu yéu cau}

write ‘Nhdp F = ’);readln(F);

(
write (‘Nhédp xF = ’);readln(xF);
write (‘Nhédp xP = ’);readln(xP);
write (‘Nhédp xW = ’);readln (xF);
write (‘Whédp R = ’);readln(R); 85

Ung dung ndi suy trong tinh toan sd dia

ly thuyét va chiéu cao thap chung luyén

Can c6 can bang chat cho toan
thap:

P:=F* (xP-xF) / (xP-xW) ;

Chuong trinh

Program chungluyen 1;

W:=F-P;

{Tinh toan sb dia 1y thuyét doan luyén}

ys:=xP; D, xp

=0 (- Qc
NLTL:=0; (S ms
Repeat ii#
NOISUY (ys,xs,X,Y); }
ys:=DLVL (xs) ; F, 2

NLTL:=NLTL+1;
Until xs <= xF; Ly 8§

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;
BEGIN

{Tinh toan sb dia 1y thuyét doan chung}
yf:=DLVC (xf) ;
ys:=yf;
NLTC:=0;
Repeat
NOISUY (ys,xs,X,Y);
ys:=DLVC (xs) ;
NLTC:=NLTC+1;

Until xs <= xw; 87

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Program chungluyen 1;
BEGIN

{Hién thi két qua}
writeln (‘NLTL = ’,NLTL);
writeln (‘NLTC = ’,NLTC);
{X4c dinh s dia 1y thuyét cho toan théap}
NLT = NLTL + NLTC;
writeln (‘NLT = ’,NLT);
readln;
END.

22



Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén
Chuong trinh

Trong mot s6 chuang trinh viéc xac dinh so dia ly thuyét
can phai lap di Iap lai nhiéu [an.

Do dé:
Nén xay dung chugng trinh con xac dinh s6 dia ly thuyét.

89

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Chuong trinh

Procedure DialLT (R:real; var NLT:integer);
Begin
{X4c dinh s dia 1y thuyét doan luyén}

{X4c dinh s dia 1y thuyét doan chung}

NLT:= NLTL+NLTC;
End;
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Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén
Phudng phap xac dinh chi sé h6i luu thich hgp
Phuang trinh dugng ' ' [ [
lam viéc doan luyén
_ R’ x4 F
R+1 R+1 L":, 0.6

equilibrium_line

"

Vi

operating line

os concentratio

0 0.2 0.4 08 0§,

liquid_concentrotion x, —>

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Phu'ong phap xac dinh chi sé hoi luu thich hgp

1 .‘ll :
Va khi nao ﬁg;ﬂhbrlun y T
thi R > min? _
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,/ < feed Jine YF'-
g

\Z\
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Ung dung ndi suy trong tinh toan s dia
ly thuyét va chiéu cao thap chung luyén

Phudng phap xac dinh chi sé h6i luu thich hgp

The reduction in the required number of plates as R is increased beyond R, will tenc
o reduce the cost of the column. For a column separating a benzene —toluene mixture, for
sxample, where x, = 0.79, x; = 0.99 and x,, = 0.01, the numbers of theoretical plate
1s given by the McCabe—-Thiele method for various values of R are given as follows|
The minimum reflux ratio for this case is 0.81.

Reflux ratio R 0.81 0.9 1.0 1.1 1.2
Number of plates 00 25 22 19 18

Source: Richardson & Coulson. Chemical Engineering, vol.2 93

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Phuadng phap xac dinh chi sé h6i luu thich hgp
Reflux ratio R 0.81 0.9 1.0 1.1 1.2

Number of plates 00 25 22 19 18

Thus, an increase in R, at values near R,,, gives a marked reduction in the number of
plates, although at higher values of R, further increases have little effect on the number
of plates. Increasing the reflux ratio from R, therefore affects the capital and operating
osts of a column as follows:

(a) The operating costs rise and are approximately proportional to (R + 1).

(b) The capital cost initially falls since the number of plates falls off rapidly at this
stage.

(c) The capital cost rises at high values of R, since there is then only a very small
reduction in the number of plates, although the diameter, and hence the area, contin-
ually increases because the vapour load becomes greater. The associated condenser
and reboiler will also be larger and hence more expensive.

Source: Richardson & Coulson. Chemical Engineering, vol.2 94

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén

Phudng phap xac dinh chi sé h6i luu thich hgp
c

Vay:
Xacdinh R
thich hap

hé nao?

M&i quan hé thé tich thap,

Ny Va R o————1
L SPAT T VAS R Y

Capital cost
~Economic reflux ratio

Tuy nhién c6 thé I4y: |

V=N, R+ T

Source: Richardson & Coulson. Chemical Engineering, vol.2 %

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Phuang phap xac dinh chi sé h6i luu thich hgp

Thuat toan?
s Xp— V)
Xac dinh Ryt | Ry, = —F——"|(ZINOTSUY (xF, yFCB, Y, X) |
Yr—Xp
Cho R tdng dan: R = R, + AR ™

Xéc dinh NLT v6i R dé biét (3 pialT (R,NLT) || | 3p
lai
Xéc dinh V: [I7= N, (R+1) sy

Tim gia tri nho nhat cua Vv lan

. m— _NLT va
Trong khoang (R, — 5Rmin) Ret _J %
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Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Phudng phap xac dinh chi s6 h6i luu thich hgp
Chuong trinh

NOISUY (xF, yFCB,Y,X) ;
Rmin:=(xP-yFCB) / (yFCB-xF) ;
deltaR:=0.05;
R:=Rmin;
P:=F* (xF-xW) / (xP-xW) ;
W:=F-P; Vmin:=1el5;
Repeat

R:=R+deltaR;

DialLlT (R,NLT) ;

V:=NLT* (R+1) ; 97

Ung dung ndi suy trong tinh toan s& dia
ly thuyét va chiéu cao thap chung luyén

Phuadng phap xac dinh chi sé h6i luu thich hgp
Chuong trinh

Repeat
R:=R+deltaR;
DialLlT (R,NLT) ;
V:=NLT* (R+1) ;
if V<=Vmin then

Begin
Vmin:=V;
Ref:=R;
NLTeff:=NLT;
End;
Until R>=5*Rmin; 98

Ung dung ndi suy trong tinh toan sd dia
ly thuyét va chiéu cao thap chung luyén
Bai tap
1. Cho hdn hgp Benzen — Toluen biét
F = 300 kmol/h; xF = 0.79
Xac dinh s8 dia ly thuyét clia thap dé cé dugc:
xP = 0.99; xW = 0.01 tai cac gia tri cla R:

Reflux ratio R 0.81 0.9 1.0 1.1 1.2
Number of plates 00 25 22 19 18

2. Xac dinh chi s6 hdi luu thich hgp Ry va so dia ly
thuyét tuong 'ng cho qua trinh chung luyén trén.

99

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Hé phuong trinh tuyén tinh

n

A, X, +apX, +o-+a, X, =b,
Ay X; +ayX, +o-+a,, X, =b,

}_amxl+an:x:+--~+a x,=b

nn’'n n

100

25



Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Dang rat gon (dang vector): [A] [X] = [b]

Ay Ay ot Ay b, Xy
Ay Ayp vt A b, X,
[Al=| =7 T el=| ] N
anl anl e ann bu Xn

101

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuang phap gidi hé phuang trinh tuyén tinh va
iring dung

3 2

N

y=137x+107
R'=091

0 . . .
0 2 a 6 ./‘ o
X -1 7. o
2 -1 0 c 2

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va

Ung dung

Phu'ong phap khir Gauss
L& phucong phap khir dan cac an dé dua hé phuong trinh da cho vé
dang tam giac trén roi giai hé nay tir dudi 1én
- khdng phai tinh dinh thic

103

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phudng phap khir Gauss anXp +apXa ...+ amXa = by

i > apXo + ... T anXy = b,

anx;tapXe ... TagEX, =b

aIIII '\:ll = b:l
azXy T anX: ...+ auXe = by
................ XpFapXo +.. . FapX = bl
An1Xy T An2Xp Tt AnnXp = bn XoT ... T anX, = b




Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Phudng phap khir Gauss anX;+apXs+.. .+ apXa=Dby
Cac budc thuc hién: .
anX; tanXs+. ..+ apXp =Dy
1. Qua trinh xuoi
2. Qua trinh ngugc : ) . .
Q y guc Xy + Xy T F A%, = by
Xn = bn App 11080 ( Xn:bn)'
anXp+apX: ... FapXa=Db
X = (bl '( Z aljx]) ) au) AnXe t ... T apXp = b]
j= <::|
10dc (b; - axy). i=p-ln2 .1 | T
l (Z; e Aun = ba

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss
1. Qua trinh xudi
Budre 0: Ding pt déu tién dé khir x, trong n-1 pt con lai.
Dé khir x, & hang thirk (k =2,3,....n)
tinh lai cac hé s6 a,; & hang thirk (j = 1,2,...,n):
ay = ag —ay ey A
va tinh lai hé sé b, & hang thir k:
by =b,—by*a /a,

106

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phuong phap khir Gauss
1. Qua trinh xudi
Buéc 1: Ding pt thir 2 d& khir x, trong n-2 pt con lai phia sau.
Dé khir x, & hang thirk (k =3,4,...,n)
Stinh lai cac hé sb a; 0 hang thuk (j=2,3,...,n):

Q= Qs

%
i R ak,z/ %)

J
va tinh lai hé sé b, & hang thir k:
b, =b, - bz*ak,z/ %)
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss
1. Qua trinh xubi

Buéc i: Ding pt thir i dé khir x; trong (n-i) pt con lai phia sau.
Dé khir x; & hang thirk (k = i+1,i+2,...,n)
tinh lai cac hé s6 a,; & hang thik (j = Li+1,...,n):
4y = ag — a5y
va tinh lai hé sé b, & hang thir k:
by = b, —b*ay /a;;

108

27



Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
1. Qua trinh xudi

Buéc n-1: Ding pt thir i dé khir x, | trong pt thir n.
Dé khir x,, , & hang thirn
tinh lai cac hé sb a,; 6 hang thirn (j = n-1,n):
8y = Ay — A 8 0 /8
va tinh lai hé sé b, & hang thir n:

bn = bn - bn-l*an,n-l/an-l,n-l
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va

Ung dung

Phu'ong phap khir Gauss
1. Qua trinh xudi: Sau khi khir hé phuang trinh c6 dang
Dang 1: Néu tai cac budc (budc i) khong chia cho hé s6 a;; truée
khi thyc hién qua trinh khi.

apnXy +apXso ...+ apXa = by
anXo + ... F ApXn = b2
A Xn = Dbn,
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
1. Qua trinh xudi: Sau khi khir hé phuang trinh c6 dang

Dang 2: Néu tai cac bude (budc i) chia cho hé sb a;; trude khi thuc
hién qua trinh khi.

XpFapXs ... FanXn=b

ot FapX=b
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
2. Qua trinh ngugc
Xuét phat tir pt thir n & cac hé pt dang 1 hodc dang 2 1dn luot xac
dinh duoc céc gia tri x; thdng qua cac biéu thurc:

Xn © bn Ann hOi‘C ( X":bn)

X; = (b ~( Z a;X;) )/a;; ) hodc (b; -( Z a;X;) ). i=n-1.n-2, . 1

=i+l j=iH
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss

Vidu
2%, 3%, +x; =11 h1=h3 3, +2x; =9
-X; +2%;, -x3=0 h2=h2 -X1 +2X2 X3=0
3x; +2x3 =0 h3=hl 2%+ 3% +x3=11.
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
Vidu . .
Budre 0: Dung pt dau tién dé khir x, trong 2 pt con lai.
Dé khir x, & hang thu k (k = 2,3)
céc hé sb a; 6 hangthirk (j = 1,2,3): a; = a; — a *a, /2,

hé s6 by & hang thirk: b, = b, —b *ay /a; |

SXI "‘ZX; =9 hl=hl 3X1 +0+2X3 =9
X1 +2%> X3=0 |h2=h2+h1/3 2%z -%/3 =3
2%y + 3%, +X3 = 11 |h3=h3-2*h1/3 3%-x%/3 =5

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuang trinh tuyén tinh va
Ung dung

Phu'ong phap khir Gauss
Vidu

3x; + 0+ 2x;3 =9 hil=hl 3x; +0+2x; =9
2:‘1_‘; - X;-.?’ =3 h2=h3 SXZ - .\:3“'3 =35
. 3%-%3/3 =5 |h3=h2 2% - x3/3 =3
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuadng trinh tuyén tinh va
Ung dung

Phu'ong phap khir Gauss
Vidu

Buéc 1: Diing pt thir 2 ¢& khir x, trong pt thi 3.
Dé khir x, & hang thir 3

céc hé sb ay; 6 hangtha 3 (j=2,3):a;;=a;;—a,*

hé s by ¢ hang thir n: by = by — b,*a;,/a,,

3x; +0+2x3 =9 |hl=hl 3 +0+2x3 = 9
3.\:1 - :\'5'3 =35 |h2=h2 X2 -X3 3 =5
2%> - X33 =3 |h3=h3-2*h2/3 -X3/9 F-1/3
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss

Vidu
(1\1 +0+2x3 =9 X;=3
X-X3/3 =5 = < xx=2
1 -X3 9 =-1/3 X1 1
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Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss
Chuang trinh

Procedure GAUSS (A:ma;B:mX;Var X:mX;nF:integer);
Begin

End;

Pé& giai hé phuong trinh trudce hét can biét:
-S8 phudng trinh va &n s& nF
-Gia trj cac phan tir cia ma tran hé s6 A

-Gia trj cac phan tir cia ma tran hé s6 ty' do B
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuang phap gidi hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
Vidu
Program HTT1;
uses crt;
Type
mX=...
ma=...
Var
X,B:mX;
A:ma;
nF,i,j,k:integer;
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuadng trinh tuyén tinh va
Ung dung
Phuong phap khir Gauss
Vidu

Program HTT1;

Procedure GAUSS (A:ma;B:mX;Var X:mX;nF:integer);
Begin
End;

{Chuong trinh chinh}

BEGIN

clrscr;

{Nh&p sb &n sbé va phuong trinh} 120
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
Vidu

Program HTT1;

{Chuong trinh chinh}
BEGIN
clrscr;
{Nhap sb &n sbé va phuong trinh}
write ('Sé &4n sb nF = ’);readln(nF);
{Nhdp ma tran hé sb tu do}
For i:=1 to nF do
readln(B[i]); 121

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Phuong phap khir Gauss
Vidu

Program HTT1;

{Chuong trinh chinh}
BEGIN

{Nhédp ma trédn hé sb A}
For i:=1 to nF do
For j:=1 to nF do
readln (A[i,3]);
122

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap khir Gauss
Vidu
Program HTT1;

{Chuong trinh chinh}
BEGIN

GAUSS (A,B, X, nF) ;
{In két qua}
For i:=1 to nF do
writeln (‘X[’,1i,'] = ',X[1]:8:4);
readln;
END. 123

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan

L& phudng phap khir dan cac &n dé dua hé phuong trinh da cho vé
dang ma trdn dudng chéo roi giai.

- khdng phai tinh dinh thic

124
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan

ap X
ﬁ ayp Xp =b,

ayXp +apXe ...+ Xy = by . -

Xy tanXt. ..t anX, = b Ann Xn = Dy
................ . = b,
Ay Xy T ApXy T .. F AgyXy = by
232 X =b,
¥a5= bn

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Cac budc thuc hién
Buée 1: Diing pt ddu tién dé khir x, trong n-1 pt con lai.
Dé khir x, & hang thirk (k =2,3,....n)
tinh lai cac hé s6 a,; & hang thirk (j = 1,2,...,n):

= %
Aej = Aj— Ay ak,l/al,l

va tinh lai hé sé b, & hang thir k:

= %
b, =b, —b, ak,l/al,l
126

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Cac budc thuc hién

Buéc i: Ding pt thir i dé khir x; trong (n-1) pt con lai.
Dé khir x; & hang thirk (k= 1,2,...,i-1,i+1,i+2,...,n)
tinh lai cac hé s6 a,; & hang thi k (j = ii+1,...,n):
4y = ag — a5y
va tinh lai hé sé b, & hang thir k:
by = b, — b*ay /aj;
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Cac budc thuc hién

Buée n: Ding pt thirn dé khir x, trong (n-1) pt con lai.
Dé khir x, & hang thirk (k=1,2,...,n-1)
tinh lai cac hé s6 a; 0 hang thirk (j = n):
Q= ag — Ay ey /a,
va tinh lai hé sé b, & hang thir k:
b =b, —b,*a /a, ,

128
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Sau khi khir hé phugang trinh cé dang

Dang 1: Néu tai cac bude (budc i) khong chia cho hé sb a;; trude
khi thyc hién qua trinh khi.

dar; Xy =Dy

129

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Sau khi kh(r hé phugng trinh c6 dang

Dang 2: Néu tai cac buée (budc i) chia cho hé sb a;; truwde khi thyc
hién qua trinh khur.

X1 - bl
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan

Vidu

2x; + 3% +x3 =11 h1=h3 3x; +2x3=9

-X; 2% X3=0 h2=h2 -X1 T2x; x3=0
3X1 L 2‘,{3 =9 h3=hl 2?\'1 - 3X2 +X3 = 11
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Vidu

Buée 1: Ding pt dau tién dé khir x, trong 2 pt con lai.
Dé khir x, & hang thirk (k =2,3)
céc hé sb a; 6 hangthu k (j=1,2,3): a; = a ; —a, *a /2,

h¢ s b, ¢ hang thirk: b, =b, — b, *a, ,/a,

3x; +2x3=9 h1=h1l 3x; + 0 +2%x3 =9
-X; +2x; -x3=0 |h2=h2+h1/3 2X, -X3/3 =3
2X; + 3%, +X3 = 11 |h3=h3-2*hl1/3 3%, -X3/3=5 12
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va

Ung dung
Phucong phap khir Gauss-Jordan
Vidu
3x; +0+2xs =9 [hI=hl 3x,+0+2xs =9
2?\'2 -Xs, 3 =3 1122113 3.‘11 - X3 3 =35
3X, -X3/3=5 h3=h2 2%, -x3/3 =3
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Vidu

Burée 2: Diing pt thir 2 ¢ khir x, trong 2 pt con lai.
Dé khir x, & hang thu k (k = 1,3)
céc hé sb a; 6 hangthrk (j=2,3): a; = ay; — 8y *a ,/ay,

hé s6 by & hang thir k: b, = b, —b,*a, ,/a, ,

3x; +0+2x3 =9 |hl=hl 3 +0 +2x;5 =9
3%, - X33 =35 |h2=h2 3%, -xs/3 =5
2%, -x3/3 =3 |h3=h3-2*h2/3 -X3/9 13+ -1/3

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phuong phap khir Gauss-Jordan
Vidu

Buée 3: Diing pt thir 3 d& khir x, trong 2 pt con lai.
Dé khir x, & hang thirk (k =1,2)
céc hé sb a; 6 hang thu k (j =n): a; = a; — a3 *a 3/a5 5

hé sd b, ¢ hang thit k: b, = b, —by*a5/a; 5

3% +0 +2x3 =9 [hI=h1-2*h3/(-1/9) f’xl +0+0
3%, -x3/3 =35 |[h2=h2-(1/3)*h3/(-1/9) 3x, -0
X390 =-1/3 h3=h3/(-1/9) -X3/9 =-1/3 135

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuadng trinh tuyén tinh va
Ung dung

Phuong phap khir Gauss-Jordan
Chuang trinh

Procedure GaudJdor (A:ma;Var X:mX;nF:integer);

Begin
y  dyy e Ay Gy a, ay .. a, b
y  dy e Gy, Uy ay Gy .. Gy b
7(’ nl an} A amz an.(uH) anl an'_’ e am: brr

-Gia tri cac phan tr clia ma tran hé s6 md réng A[li,nF+1]

136
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Vi du:
Program HTT2;
uses crt;

procedure GaudJdor (A:ma;Var X:mX;n:integer);
Begin
End;

{Chuong trinh chinh}

BEGIN
137

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phucong phap khir Gauss-Jordan
Vi du:

Program HTT2;

{Chuong trinh chinh}
BEGIN

For i:=1 to nF do
For j:=1 to (nF+1l) do
readln(A[i,3]);
GaudJor (A, X, nF) ;
138

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phu'ong phap nghich dao ma tran

[A] [x] =[b] <> [x]=[A]"[b]|

Ma tran nghich dao cé thé dugc xac dinh bang
phuang phap khir Gauss-Jordan

139

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phu'ong phap nghich dao ma tran

Tim ma tran nghich dao bang phudng phap Gauss-Jordan:

Budc 1: Viét thém ma tran don vi vao bén phéai ma tran hé sé:

ay, [ oo a

m, L0 0
ay .. a,, 0 1 .0

dy

nl ”;:1 amx 0 0 l

a

140
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung

Phuong phap nghich dao ma tran
Tim ma tran nghich dao bang phucng phap Gauss-Jordan:

Budc 2: S dung phuong phap Gauss-Jordan thuc hién phép bién doi
€3 sG trén cac hang cta ma tran dén khi ma trdn c6 dang:

ay ap . ay [0 0 ¢, ¢, ... ¢

ay @y ... Gy [[O 1 .. 0 ¢

a

m G, ..ooa, |00 .1 ¢

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Phu'ong phap nghich dao ma tran
Tim ma tran nghich dao bang phudng phap Gauss-Jordan:

Budc 3: Ma tran bén phai s€ la ma tran nghich dao ctia ma trén hé
sG:

0 0 ley ¢ Cn ‘n €1
0 C 21 Cl) CZ): :\_l _ C 21 cw: Ca,
0 l c)l Cnl CJH _" 1 ('n_ M('a

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuang trinh tuyén tinh va
Ung dung

Phu'ong phap nghich dao ma tran
Chuang trinh

Procedure DMT (Var A:ma;nF:integer);
Begin

End;

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuadng trinh tuyén tinh va
Ung dung

Phu'ong phap nghich dao ma tran
Chuang trinh

Pé giai hé phuadng trinh trudc hét can biét:
-S6 phuang trinh va an s6 nF

-Gia tri cac phan tr clia ma tran hé s6 A

Do dé: dé tim Iém phai thuc hién p! an hai ma tran:
DGR |
Co Cn o €y

Két qua tra lai la ... ma trén nghich dao At |
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap nghich dao ma tran
Chuong trinh nhan hai ma tran

For i:=1 to nF do
Begin
x[1]1:=0.0;
For j:=1 to nF do
x[i]:=x[1i]+A[i,3]1*BI[]];
End;
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Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap nghich dao ma tran
Vi du:
Program HTT3;
use crt;

Procedure DMT (Var A:ma;nF:integer);
Begin
End;

{Chuong trinh chinh}

BEGIN
146

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuang phap gidi hé phuang trinh tuyén tinh va
Ung dung
Phu'ong phap nghich dao ma tran
Vi du:

Program HTT3;

{Chuong trinh chinh}
BEGIN

{Nhép nF, A, B}
DMT (A, nF) ;
{Nhé&n hai ma tran}
{In két qua}
END. 147

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Ung dung: Xay dung ham hdi quy thu'c nghiém

w

1 /} .
20 10 10 20 30 40 50 60 G " ’ .)
H6i quy thu'c nghiém: oo Lo
Xay dung ham toadn hoc tudng minh mo td 11 ,-r./‘
chinh xéc nhat bd s6 liéu thuc nghiém 2’ - " 5
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
Cac dang ham s6 thudng xudt hién trong ky thudt hoa hoc

‘=a+bX Y =Co+CX+CX 4+ C X"

n

Y =a+bX’
Y=a+b/X

Y =a+bX"

Y =aX"

Y = ae’® Y=aX’ In¥Y=Ina+blnX

Y=a+b/X Y =ae™ In¥Y=Ina+bX

| Y =a+ be" | Y=a+be* InY=Ina+(ln b) X 149

Chuang 1. Cac phugng nhan aidi nhicna
trinh va hé phuong trin

1.1 Phuong phap giai hé phu

Ung dung

8 y=13Tx+1.07
7
6
3 g
Ung dung: Xay dung ham héiquy  4-
3
2
1
0

R'=091

HGi quy tuyén tinh: Xay dung ham t
sG liéu thuc nghiém.

d1

Phuong phap xay dung: o 2 4 6

Phuang phép binh phucng téi thiu

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Ung dung: Xay dung ham héi quy thuc nghiém

Hoi quy tuyén tinh Tong binh phudng sai s3 gitra

du doan va thuc nghiém

i=1

|§izs =Y 2= (a+bX,— V)]
™ i=1 N

Cac hé so a va b thich hgp nhat khi

téng binh phuong sai s6 la nhé nhéat

0¥ (a+bX,—Y)

: =0
da
Phuong phap tim cuc tiéu: and
Y r? Y r? 3y (a+bX;—Y)’
—— =0and —— =0 = " U 0
da ) b & b 1T

X; ") V. n S n 5
Xi | 0 ‘ ! | 23 ‘ SRS=) r’ =) s’ =minimum
v; | L(x;) | 1 ‘ 2 | Ljoj4 = Py
SRS = = +bX,-Y,)"
r=a+bX,—Y, g.' ,;Z.(" SRR [
Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
HGi quy tuyén tinh Y (a+bX,— ¥’ o
BZ’.'l o aznl _ da
ba —oad =0 <:> and
Y (a+bX,—Y)* o
ob B
2 (a+bX;,— Y)Y (a+bX,—Y)) -0
da -
and
2X; Y (a+bX,—Y) 0 (a+bX,—Y))
b =0 152
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
HGi quy tuyén tinh

[——)
S (@ +bx, Y)Y (a+bX, - Y)

da

0

and

zl;,. Y (a+bX;— r,)lagmﬂjxﬁ %) o

(L2 B

‘Za)(,-wLZf’X,::ZX;Y.‘ 153

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Ung dung: Xay dung ham héi quy thuc nghiém
HGi quy tuyén tinh

Z(l-O—ZhX[:ZY,

Sax;+ Y bx =Y xv,
il

an +!)Z X, = Z Y,
i=l i=l

and

n n n
ay X, +bY X2 =Y XY, o
i=1 i=1

i=|

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Ung dung: Xay dung ham héi quy thuc nghiém

HGi quy da thic . .
7 b .
Y=Co+C X+ X -+ C, X"
Tong binh phudng sai s3 gitra 2 /
du doan va thuc nghiém 2 *
1
~ .
. 2 172 .)
5=Zl[yj—c[,—c.x,—qx, - =X O
= * .
s b5 ds b
ac,” 9, ic, . e
=2 =1 0

Chuong 1. Cac phuon™@

trinh va hé phuang tri —CX) ==X (=)
a0 N
1.1 Phuang phap giai hé ph,"_'S =0=3Y2(¥,- G- CX,
('ng dung 9C, per
Ung dung: Xay dung ham hdi q —OX2 = = CX") (—X))
HGi quy da thic as N
E:u:;z(rﬁ('ﬂqu,
— X = =X ) (X))
as  as as e "
B S r
aC,” AC, ac, (:T =0=2"2(Y,— G- CiX,
“n —1
Y = Co+ C X+ CX+ - +C, X" ! )
— X~ =X (-X))
N 5
S=3 [V -C-CX; =X = =CX"] 156
=l
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Chuang 1. Cac

hirdna nhAn naidi nhirdng

\ \ n a-s - L,
trinh va hé phutic, =0=220/-G-6x,
1.1 Phuong phap g — X = = CX) (=)
U'ng dung - v
Ung dung: Xay dung h% =0=S"2(¥,—C,— C,X;
Hoi quy da thirc : =
—CX = = CX") (—X;)
as v
O‘T::u:gurﬁcy.qui
X = =C, X)) (=X
as

v
S Ny
“C’;_o_g_u, Co—CiX,

—OXF = = CX) (X)) |17

néj

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung

Ung dung: Xay dung ham héi quy thuc nghiém

Hoi quy da thitc (CoN +C 3 X;+C Y X2+ +C, Y X" =YY,

CY X +C Y X +GY X +--+C, 3 x
= ZXJ'YJ

CoY X +C X 4G Y X+ +C, Y X"

= Z XJ-‘ Y;

Gy X"+C, ZXJ,.-l +6 Y X‘/r>l+_'_+(‘" fo,‘
=3 X"V 18 (g

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
HGi quy da thic

N YX, TX? - YXx/
EXJ S Xj: S X’I . S leul
2 3 4 n+2
U= SXJ ZX} SXJ ..ZX]+ |
~ . : ‘ : X
U( _‘/ T XY el gy o T-XLnJ
v — ot J - J e J e J
[ Co >
C, SXJYJ
c-|C| v= | Y XY,
J - n 159
LC, LZXI )j

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
HGi quy da thic

2 SSE Hé s6 tuong quan:
! SST La hé s6 danh gia tinh tuong hop cla
N 2 ham toan dugc xdy dung
¥ _
=1 (y, Y') -Khong tuong hgp: r2 < 0,5

=)

-Tuang hgp: r2 > 0,8
-Thich hgp: r2 =~ 1

=
-~
|
e
-

.
I

I
—
|
wnl v
wnl
S| o
—

160
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.1 Phuang phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
Vi du: Xay dung ham toan hoc mo ta bd s6 liéu thuc nghiém

X;j

vi=r) |

0|1|:|3|4|
1

161

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
Vi du: Xay dung ham toan hoc mo ta b s6 liéu thuc nghiém
X; [0 |1 |2]3]4]
vi=fG) | 121 o]4]

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.1 Phuong phap giai hé phuang trinh tuyén tinh va

Ung dung

Ung dung: Xay dung ham héi quy thuc nghiém
Vi du: Xay dung ham toan hoc mé ta bé sd liéu thuc nghiém
Sag +10a; =8 x; | 0 | 1 ‘ 2 ‘3|4‘
10aq +30a; =20 v; = f(x;) | 1 | 2 ‘ 1 ‘ 0 | 4 ‘

i X, v, _“]3 X,V

1 0 1 0 0 un+bZX,:ZY,

2 1 2 1 2 =l =

3 2 1 4 2 and

4 3 0 9 0 " noa

5 2 3 16 16 a) X;+bY X7 =Y XY,
i=1 i=1 i=1

> 10 8 30 20 il

i X, v, _“]3 X,V
1 0 1 0 0 an+by X, =3 Y,
2 1 2 1 2 = =
3 2 1 4 2 and
4 3 0 9 0 n no o ‘
5 n n 16 16 aglx,-ww;x,-:;x,:r,
> 0] 8 | 30 | 20 B B *
Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.1 Phuong phap giai hé phuang trinh tuyén tinh va
Ung dung
Ung dung: Xay dung ham héi quy thuc nghiém
Vi du: Xay dung ham toan hoc mé ta bé sd liéu thuc nghiém
Sag +10a; =8 x; | 0 | 1 ‘ 2 ‘3 |4 ‘
10ay +30a; =20 v = f(x;) | 1 | 2 ‘ 1 ‘ 0 | 4 ‘
i X, v, _“]3 X,V
1 0 1 0 0
2 1 2 1 2 ~ ;
¥ 2 4
3 2 1 4 2 Pl = x+—
4 [ 3] o0 9 0 5 5
5 4 4 16 16
> 10 8 30 20 164
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i XX XX XX W
z 5 X2 vy Xxd oy xoatl
Chuong 1. Cacphy | &yt s S 5y
trinh va hé phugn : ; : ;
1.1 Phudng phap giai i YXSEXMYX, X J
Ung dung -Gy vy,
Ung dung: Xay dung ham C ’> ¥ X[WY, -I
Vidu: Xay dung hamtoanh| c=| &2 | v= | X |

[P (x) = 0.42857x* —131420x + 165714

l XI” Yl J

i Xp | v ,\‘,: X : X ,4 XiVio| WX ;2
I 0 1 0 0 0 0 ?no +10a; +30a, =8
2 1112/ 111 L1 2 | o4, +30a +100a, =20
3 |2 1] 4] 8 |16 2 o 20y AR, = 2
n 3 0 9 77 81 0 30ag +100a; +354a, =70
s | 4] 4]16] 64 | 256 | 16 64

10 | 8 | 30 | 100 | 354 | 20 70 165

Chuadng 1. Cac phuang phap giai phuong

trinh va hé phuang trinh

45

—HQDT-B2
35 { |—HaoT83

* Thucnghiém| |y = 0 4286x% - 1.3143x + 16571
4q|—Har R?=0.4534

y=05833x - 30714 + 37024x + 0.9571
R?=0.986

Plot Area

y=04x+08
R?=0.1739

Chuang 1. Cac phuang phap giai phugng

trinh va hé phuang trinh

1.2 Phugng phap giai phudng trinh va hé phuang trinh

phi tuyén

Nghiém thwe ctia phwong trinh — Y nghia hinh hoc.

f(x) = 0; (1)
f — ham cho trwéc ctia dbi sb x
a-nghiémthyccta(1) —
f(a) = 0; (2)
V& dd thiy = f(x)

- hosic— (1)~ g(x) = h(x) —
doé thiy; = g(x) va y, = h(x)

Hoanh d6 diém M _. nghiém a.

A

Chuaong 1. Cac phuang phap giai phugng

trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh

phi tuyén

Sw ton tai ctia nghiém thwe
Binh ly. Néu c6 hai sé thuc a, b
(a <b) sao chof(a)va f(b) trai
dau, tire la

f(a).f(b) < 0 (3)
dbéng thoi f(x) lién tuc trén [a, b]
thi trong khoang [a, b] it nhat c6
moét nghiém thuc cda phuong
trinh f(x) = 0.
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuong trinh va hé phuang trinh
phi tuyén
Khoang phan ly nghiém (tach nghiém)
Pinh nghia: Khoang [a, b] nao y

do goi la khoang phan ly nghiém B

ctia phwong trinh f(x) = 0 néu né

chtra mét va chi mét nghiém ol a

cla phwong trinh do. b x
- ham f(x) don diéu /

trong [a, b] : A

—f(x) khdng dbi d4u

Dinh ly: Néu ham sé f(x) lién tuc va don diéu trén khoang [a, b],
ddng thoi f(a) va f(b) trai dAu thi [a, b] 1a khoang phan ly nghiém
cta phwong trinh f(x) = 0. 169

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Céc phwong phap xéac dinh gan dang nghiém thuc cla
phwong trinh phi tuyén

1. Phwong phép dé thi.

2. Phuwong phap thi.

3. Phwong phap chia déi.

4. Phwong phap lap.

5. Phwrong phép tiép tuyén
(phwong phap Newton-Raphson).

6. Phwong phap day cung.

170

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
Co sé': khai trién Taylor:

- Ham F(x) x&c dinh va cé dao ham dén cap n+1 tai x, va lan
can X,.
- Khai trién Taylo bac n ctia F(x) tai x,:

F(x)=F(x,)+ (\_v)p(r)i‘ %)

F'"(x,)+-

(r—r) (x—x)""
7l PR A (n+1)!
c=x,+0(x—-x,): 0<O<l;

,":-!) (C):

171

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
- Gid st f(x) =0: - Cé nghiém thwc a phan ly trong [a, b];
- C6 dao ham f'(x) # 0 tai x € [a, b];
- C6 dao ham cép hai f’(x) tai x €][a, b];

- Chonx, €[a,b] — khai trién Taylo bac nhat cla f(x) tai x,:

1(8)= (34 (=5 (1) 4~ (5=, /")

Boquasbhangcudi  —— f(x,)+(x-x,)f"(x,)=0:

s — 4 f(\o) X . f(\l e X=X _f('\.n):

Uy T ey T Gy
m Xy =al 172
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén

Phwong phap Newton-Raphson (phwong phap tiép tuyén)

Y nghia hinh hoc: thay dwdng cong y = f(x) bang tiép tuyén

ké tir A(a,f(a)) hay B(b,f(b)), > hoanh do giao diém cla tiép

tuyén véi truc hoanh la nghiém gan dung cliia phwong trinh.
P&t -x, =a, néu tiép tuyén ké tir A;

- X, = b, néu tiép tuyén ké tir B;

Phwong trinh tiép tuyén clay = f(x) tai [x,, f(x,)] :

V=S (x) = f1(x,)(x = x,); (a)
Giao diém v&i truc hoanh (x, y; = 0)
— _f('xo):fr('xo)(x_‘xo); (b7)

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh

phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
— X =x,— fl(-\'o) ; y
S'(x,)
Tiép tuc vé tiép tuyén vai diém [ (xq, f(x;) ]
S
- T T L ‘
S (x) o I\ b
o flx,) Xomaxi X, ~—] X
Xnal =% — R B
I (xn)

174

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh

phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
— X=X, —7{(%) ; y
S (x,)
Tiép tuc vé tiép tuyén voi diém [ (x;, f(x,) ]
/Y N
. f'(x) o A~ % xix%b
. — _.f('\.n). a ; :
Xpsl =X, YRS
I (xn)

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
*Dinh ly vé sw héi tu. Gia st:
- [a, b] la khoang phan ly nghiém ctia f(x) = 0;
-fcé daoham f, f" v&i f va f’ : + lién tuc trén [a, b];

. + khong dbi dau trén [a, b];
- Xap xi X, chon — f(x,).f(x,) > 0;

- X, — a khi n—>»
* Saisb. LAy x, — nghiém gan dung — sai sb:
‘a__\.“‘gm; voi 0<m<|f'(x); asx<b
n
Trong thyc té, thwéng dirng qua trinh tinh khi:
X, — %4 <&  (saisbchophép) 1%
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)

So dé tém tat cac bwéc giai:

1/ Cho phwong trinh f(x) = 0; = Sx,)
2/ An dinh sai sb cho phép ¢; e f(x,)
3/ Tim khoang phan ly nghiém; l

4/ Chon gia tri dau x: ‘

f(x0).f'(xo) > 0; e= |x1 7"'0‘3 ‘

5/ Tinh toan sai sb

—__e<g -~ X =X

Vi du. Tim nghiém gan dung ctia phwong trinh
fx)=x3—x—-1=0; Vé&isaisb chophépe=103
1. Piéu kién phwong trinh c6 nghiém thuwc va tim khoang
phéan ly nghiém. 1

-Ham s6 xac dinh va lién tuc ¢ B o+
tai moi x :
f@‘ + 0 - 0 +

- fP(x)=3x-1=0 tai o
] — M~ _~

+

-

3

- Bang bi Cf thlen ham s6:
M= f(——)_— ! +L—1<0

\3 .)\..) \,/g

— @b thi ham s6 chi cat truc hoanh tai mnt me phwong trinh

c6 mét nghiém thye trong khoang 1 V3,0
- Chon khoang chra nghlem [1,2]

f(1)=1-1-1=-1 <0} — f(1).f(2) <0 — kho&n
. gl1, 2]
f(2)=8-2-1=5>0 chtra nghigm.

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)

Phwong trinh: xX=x-—-
S
f(x) = 3x?— 1> 0 trong khoang[1, 2]

f(x) = 6x>6 trong khoang[1, 2]
f(1) =-1; f(2) =5;

f(2).F(2) >0 —— Chon dau tinh x = 2.

179

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Phwong phap Newton-Raphson (phwong phap tiép tuyén)
Lap bang tinh:

X f(X)=x3-x-1 £(x)=3x2-1 x— / ,(")
S(x)
2,0 5,0 11,0 1,5454545
15454545 | 1,145755 6,165288 | 1,3596148
1,3596148 | 0,153704 4,545657 | 1,3258015
1,3258015 | 0,004625 4273245 | 1,3247190
1,3247190 | 0,0000034 | 4,264641 | 1,3247182
1,3247182 | 0,0000010 180
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén

Phwong phap Newton-Raphson (phwong phap tiép tuyén)
Chuong trinh:

Function F(x:real):real; fx)=x3-x-1=0
Begin
J f(x)=3x2-1=0
F:=x*sqr (x)-x-1;
End;
. f(x)
Function dF (x:real) :real; x=x—--
'
Begin .f‘(x)
dF:=3*sqr (x)-1;
End;

181

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
\F/’hérong phap Newton-Raphson (phwong phap tiép tuyén)
1 du:
Program PT1;
Uses crt;
Var
n,i,j,k:integer;
x,x0,eps, ss:real;
Function F(x:real) :real;
Begin
F:=x*sqr (x)-x-1;
End;
182

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phérong phap Newton-Raphson (phwong phap tiép tuyén)
Vi du:

Program PT1;

Function dF (x:real) :real;
Begin
dF:=3*sqr (x) -1;
End;
{Chuong trinh chinh}
BEGIN

clrscr;
183

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén

Phwong phap Newton-Raphson (phwong phap tiép tuyén)
Vi du:

Program PT1;

{Chuong trinh chinh}

BEGIN
clrscr;
write (‘Nhédp x0 = ’);readln(x0);
write (‘Nhép eps = ’);readln(eps);
x:=x0;k:=0;
Repeat

184
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuong trinh va hé phuang trinh
phi tuyén
\F/’hérong phap Newton-Raphson (phwong phap tiép tuyén)
i du:

Program PT1;
BEGIN

x:=x0;k:=0;
Repeat
x:=x-F (x) /dF (%) ;
s:=abs (x-x0) ;
x0:=x;k:=k+1;

Until ss<=eps; 185

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Phércmg phap Newton-Raphson (phwong phap tiép tuyén)
Vi du:

Program PT1;

BEGIN
Repeat

Until ss<=eps;
{In két qua}
write (‘Nghiém x = ',x:8:4);
readln;
END. 186

[§]———— PT1.PAS
Program PT1;_
Uses crt;
Var
i, j.k,n:integer:
X,X0,eps,ss:real:
Function F(x:real):real:
Begin
F:=x»sqr(x)-x-1;
End:
Function dF(x:real):real:
Begin
dF : =3=sqr(x)-1;
End:
{Chuong trinh chin}
BEGIN
clrscr:
write ("Nhap gia tri dau X0 = ’):readln(X0);
urite (*Nhap sai so cho phep eps = *):readln(eps):
=X0;

1:13 ;

F1 Help Save F3 Open Alt+F9 Compile F9 Make Alt+F10 Local menu

E DOSBox 0.74, Cpu speed: 30002!:5, Frameskip 0, Program: TURBO ‘ ==l

File Edit Search Run 0 le Debug Tools Options Window Hel

=abs (X-X0):
=X
+1;
k>10 then
Until (ss<=eps) or (k>100);
if k>100 then
writeln (*So lan lap gua lon, chon lai gia tri dau X0tt?’)
else
Begin
writeln (’Nghiem cua phuong trinh X = *,X:8:4);
writeln (’So vong lap k = *,k);

36:11 —[7
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m DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: TUKSO‘ lﬂ_lﬁ

Nhap gia tri dau X0 = 1

~ho phep eps = 0.001
Nghiem cua phuong trinh X = 1.3247
S0 vong lap k = 4

DOSBox 0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: TUKSO‘ l":" ﬁ
i i dau X0 = 2
o phep eps = 0.001
phuong trinh X = 1.3247

Dot e P T B - = Chuang 1. Cac phuang phép gidi phuang

So lan lap rllxxlullrﬂfprj.gﬁ lai gia tri dau X0r1? trinh va hé perdng trinh
1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phwong phap lap
Cho phwong trinh f(x) = 0 cé nghiém thyc trong khodng [a,b];
- Viét lai x+f(x)—x=0; DBat @(x)=x+f(x);

- X = (p(x)’

- Chon so b gia tri gan ding dau tién cia nghiém: x, € [a.b]_:
X1 = 9(X%);
Xo = Q(Xy);

X = 0(Xnq); n=1,2,... (%)

- Ham o@(x) goi la ham lap.
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén
Phwong phap lap
Sw héi tu caa qua trinh tinh toan
- Gid str khin — o ; X, —nghiém a cta phwong trinh

— phuwong phap lap hoi tu, cé thé coi x, 1a nghiém gan dung .

-Qua trinh tinh cling c6 thé phan ky, x, ngay cang di xa khdi
nghiém.

193

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Phwong phap lap

Y nghia hinh hoc
f(x) = 0; X1 = 9(X%);
x+f(x)—x=0; )X = QX)) X = O(x);
bat o(x) = x + f(x); X = Q(Xeq); N=1,2,. ..
y A Y
Y y & +
> y=0() S
oa” o1 |
TaXsX, X X, X D aXoX X, X X

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phwong phap lap
Binh Iy vé sw héitu. Gia str:
- [a, b] la khoang phan ly nghiém a cta phwong trinh f(x) = 0;
- Moi x, tinh theo (*) déu & [a,b];
- Ham @(x) c6 dao ham hang nhat thod man diéu kién:
(0'(x)|£q <l, a<x<b;

q - hang sé;
- Phuong phép I3p hoitu véi moix € [a,b];
*X,——a khin — o

o —x,| < (b-a)g"; 195

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuang trinh va hé phuang trinh

phi tuyén
Phu’or)g phap lap
Sai s6 cua phép tinh: )
. o—-x |<—;
Uéc lvong sai sé: ‘ " m

m:min‘f'(.\')|; a<x<b:

Chu y: - Néu ¢'(x) > 0; C6 thé chon x, bat ky € [a,b];

-Néu ¢’'(x) < 0: a+h
b Y, =a khia<o<——:
. a ,
xét dau f(a).f[ J — b
2 x,=0b khi a b<a<b;

19%
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén
Phwong phap lap

Vi du. Tim nghiém gan dung ctia phwong trinh
fx)=x®—x—-1=0; V&isai s chophépe=10-3
1. Piéu kién phwong trinh c6 nghiém thuwc va tim khoang
phéan ly nghiém.

h 1 1
-Ham s6 xac dinh va lién tuc X i +ﬁ o
tai moi x = -
_ f’@‘ + 0 - 0 +
- f(x)=3x-1=0 tai M
X=T1/ 42 <
- Bang bién thidn ham sé:

1 1 1
M=f(-—)=- +—-1<0;
‘ f, \f*3), ENEINE]
— dd thi ham sb chi cét truc hoanh tai mét diém, phwong trinh
c6 mét nghiém thye trong khodng |1/ v@_fn
- Chon khoang chtra nghiém [1, 2]
f(1)=1—1—1=—1<0}

— f(1).£2) <O —khoang[1, 2
f(2)=8-2-1=5>0 ()12 git. 2l

fx)=x3-x-1=0;
-bat  x=oe(x)=x¥-1;
@’(x)=3x2=3 tai moi x trong khodng [1, 2] —khong
dam bao diéu kién hdi tu.
-Dat x=¢@(x) =x—-Af(x) véi A

B f’(-\‘o)

F(x) = 3x2 -1 F2)=11; A= ﬁ

1.3 1.5
x=p)=x——(" —x-1) "(x)=1-—Gx" -1
x=@(x)=x 11(\ x—1); o'(x) 11( y )
x=1—@'(x)=1-(2/11)<1; x=2 — @'(x) =0<1
- Hoac dat $B=x+1 — x=p(x)=(x+ D3

PO RECES\ LI S S
3 3 Y+’
0<¢'(x)<1/3 taimoi xe[1.2] — dam bao diéu kién hoi tu.
199

chtra ngfigm.

Lap bang tinh:

Ne X ?(x) i1 =X

X, | 1,0 1,259921 1 4 259921

X | 1,259021 | 13122938 | 555475

X | 1,3122938 | 13223538 | ;10060

o | taouzsar | 1aaznos | 200

X4 , ’ -0,00185

Xs | 1,3242826 | 13246326 | )50,

xs | 1,3246326

LAy a =1,3246326 saisb sé <eg=1073.
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.2 Phuang phap giadi phuang trinh va hé phugng trinh
phi tuyén

Phwong phap lap
Chuong trinh:

Function Fi(x:real):real; fx)=x3-x-1=0
Begin
= =3 —
Fi:=exp(1l/3*1n(x+1)); X ¢(X) X 1
Endi x=p()=(x+ ">

201

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Phwong phap lap
Vi du:

Program PT2;
Uses crt;
Var
n,i,j,k:integer;
x,x0,eps, ss:real;
Function Fi(x:real) :real;
Begin
Fi:=exp(1/3*1n(x+1));
End;
202

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Phwong phap lap
Vi du:

Program PT2;
{Chuong trinh chinh}

BEGIN
clrscr;
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Phwong phap lap
Vi du:

Program PT2;

{Chuong trinh chinh}

BEGIN
clrscr;
write (‘Nhédp x0 = ’);readln(x0);
write (‘Nhép eps = ’);readln(eps);
x:=x0;k:=0;
Repeat

204
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Chuong 1. Cac phudng phap giai phuong Chuong 1. Cac phudng phap giai phuong
trinh va hé phuong trinh trinh va hé phuong trinh
1.2 Phuang phdp giai phuong trinh va hé phuang trinh 1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén phi tuyén
Phwong phap lap Phwong phap lap
Vi du: Vi du:
Program PT2; Program PT2;
gEGIN gEGIN
Repeat
x:=x0;k:=0; .
Repeat Until ss<=eps;
x:=F(x); {In két qua}
s:=abs (x-x0) ; write (‘Nghiém x = ',x:8:4);
x0:=x;k:=k+1; readln;
Until ss<=eps; 205 END. 206

File Edit Search Run Compile Debugl Tools Options Window Help
I PT7 P

T ————
A

File Edit Search Run ompile Del Tools Options Window Help
N

bug
PTZ . P

Uses crt;
Var
i, j,k,n:integer;
X,X0,eps,ss:real;
Function Fi(x:real):real;
Begin
Fi:=exp(1/3=In(x+1));
End:
{Chuong trinh chin}
BEGIN
clrscr;
write ("Nhap gia tri dau X0 = ’);readln(X0);
write ("Nhap sai so cho phep eps = ’):readln(eps):

=abs (X-X0):
=X
k +1:
Until (ss<=eps) or (k>100);
if k>100 then
writeln (*So lan lap qua lon, chon lai gia tri dau X0ttt’')
else
Begin
writeln ('Nghiem cua phuong trinh X = ’,X:8:4);
writeln (*So vong lap k = *,k):
End:
readln;
END.
k:=0;
Repeat
X:

1:12 —{0
F1 Help F2 Save F3 Alt+F9 Compile F9 Make Alt+F10 Local menu

F1 Help FZ Save F3 Open Alt+F9 Compile F9 Make Alt+F10 Local menu .
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Phuong phap Newton ¢ thé tdng quat hda dé giai hé phuang trinh phi
tuyén cé dang:

£(X,, X5, X5,000,X,) =0

£(x,,%5,X x,)=0

3700y

(X, %X5,X5,..,X,)=0

Dang ma trén: (X)) = 0 Trong d6: X = (X1, X2, X3,...213 Xn)

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Cong thirc Newton véi phuang trinh 1 bién:

X =X, — fx;)

TR Of(x) £(x,, X5, X5, %,) =0
Hay: £(X, X5, X5,00,X,) =0
f'(x;).Ax = -f(x;)

S S FE
AX = Xiop - X;. £ (X, %5,X5,..,%,) =0
F(X3=0
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh
1.2 Phuang phap giadi phuang trinh va hé phugng trinh

phi tuyén

Giai hé phwong trinh phi tuyén bing phwong phap Newton
DGi véi hé phuang trinh phi tuyén, cdng thitc Newton tdng quat:

J(XHAX = -F(X))
Trong d6 J(X) la ma tran
(toan t) Jacobi. N6 la ma
trén cdp n c6 dang:

Va:
AX =X - X

J(Xi)=

ct,
X,
ct,
ox,

cf

n

\ OX,

cf, of o of )
00X, 0X, X,
ct, ct, cf,
X, OX, X,
(tn (t" c n
X, OX, 28X,

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Phugng phap Newton giai hé phudng trinh phi tuyén la phuang phap
tuyén tinh héa hé phuang trinh da cho thanh mgt hé phuang trinh
tuyén tinh ma bién s6 clia hé la AX.

tuyén tinh véi bién sG 1a AX; cho dén khi dugc nghiém gan ding.

Vi vay: viéc giai hé phuong trinh phi tuyén bang
phuang phap Newton la 1ap lai viéc giai hé phuong
trinh tuyén tinh:

J(XHAX = -F(X)

214

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuang trinh va hé phuang trinh

phi tuyén

Giai hé phwong trinh phi tuyén bing phwong phap Newton
- Do d6 viéc giai mot hé phi tuyén bang phuong phap Newton, chinh 13
viéc giai hé phuaong trinh tuyén tinh véi:

(9 o o

oxy ex, éx,, fix) Ax,

oL L ) ax,
Jx)=| o S| Fx)= AY =

o, o, &, S, Ax,

\ Ox,  Ox, ox, | 215

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Thuat toan:

1 Chon gia tri dau X,: o of, of.
af o ooy, (£
o o of,
xy C{D 6f5 c% ditre
X, =| . |:>J(_\.=°) = 1 “,, F(x')=
'l:) éfl éﬁ é«\f’ _f:_.(-'\'_-c )
&l ol ool

216
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.2 Phudng phap gidi phuang trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Thuat toan:
2 Giai hé phuang trinh tuyén tinh (Gauss hodc Gauss-Jordan):

J(XpAX = -F(X) AxY
Ax!
AX, =] .. I::> X =X, +AX,

A

3 Kiém tra sai s6: maXlA.\'Zl <g? .

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Thuat toan:
Procedure HAM(X:mX; nF:integer; Var F:mX);
Begin
Fll]:=.;
Fl(2]:=.;

F[nF]:=.;
End;
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton

Thuat toan:
Procedure DHAM(X:mX; Var A:mA);

Begin
A[l,1]:=..; A[l,2]:=.; .. A[l,nF]:=.;
A[nF,1]:=..; A[nF,2]:=.; .. A[nF,nF]:=.;
End;

219

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton

Vidu:
' fi(x.x,)=2x—€2 =0

Gidi hé phuagng trinh phi tuyén
folx,x,)=e " +5x, =

220
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phdp giai phuong trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Vi du:
Program HFT1;
uses crt;
Type
mX = ..; mA = ..;
Var
X0,X,dX,B,F:mX;
A:mA;
nF,i,j,k:integer;
dXmax,eps:real;
21

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton

Vi du:
Program HFT1;

Procedure HAM (X:mX; nF:integer; Var F:mX);

Begin
F[l]:=-2*x[1]+exp(x[2]);
F[2]:=—exp (-x[1])-5*x[2];

End;

222

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Vi du:
Program HFT1;

Procedure DHAM(X:mX; Var A:mA);

Begin
A[1l,1]1:=2; A[1,2]:=-exp(x[2]);
A[2,1]:=-exp(-x[1]); A[2,2]:=5;
End;

{Chuong trinh chinh}
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.2 Phuang phap gidi phuaong trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Vi du:
Program HFT1;

BEGIN
clrscr;
writeln (‘Nhap céc gid tri dau x0:7);
For i:=1 to nF do
readln (x0[1i]);
For j:=1 to nF do
x[J1:=x0[31;
224
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.2 Phuang phép giai phuang trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Vi du:
Program HFT1;

k:=0;
Repeat

HAM (X, nF, F);

For j:=1 to nF do

B[jl:=F[j];
DHAM (X, A) ;
GAUSS (A,B,dX,nF) ;
225

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.2 Phuang phdp giai phuang trinh va hé phuang trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton
Vi du:
Program HFT1;

k:=0;
Repeat

For j:=1 to nF do
X[J1:=X[]]+dX[]];
For j:=1 to nF do
if dX[j]>=dXmax then
dXmax:=dX[j]; .. 226

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.2 Phuang phap gidi phudng trinh va hé phugng trinh
phi tuyén
Giai hé phwong trinh phi tuyén bing phwong phap Newton

Vi du:
Program HFT1;

Repeat
k:=k+1;

Until dXmax<=eps;
{In két qua}

For i:=1 to nF do writeln (‘X[’,i,‘] = ',X[1i]);

readln;
END. 227

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

Chuadng 1. Cac phuang phap giai phuong

trinh va hé phuang trinh
1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

T
r

| £
o j /

Cd ché trao d6i nhiét
231

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung Dung
dich
Tinh toan thiét bi trao ddi nhiét sau gia
nhiét
Hai nudc | B
i bdohoa |

T

2
f cd
24
k Nuée .
ngung |
A

(=)

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuong trinh

1.3 Ung dung
Tinh toan thiét bi trao déi nhiét

Phuong trinh trao ddi nhiét co z

ban:
T
Q=K.F.At, L‘"’
At — At, 2 ‘
Mo =3
In—L e
At,
j QR — e —
1 z o 1 Bién thién nhiét do trong
— _r +— cnry e
2, ’i; a, thiét bi TDN -~




Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 U’ng dung

Tinh toan thiét bi trao déi nhiét
Xéc dinh dién tich b& mat trao déi

nhiét va s6 6ng clia chum 6ng: 4
T
Q-KFAl, ‘ I
prs i
0=6C,1,;-1,) |
CGC(1;-1)
K.F.A, 8

Bi€n thién nhiét do trong

thiét bi TDN
233

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

DE thuan tién trong tinh toan thiét
bi trao ddi nhiét, s’ dung dai
lugng méat do dong nhiét:

q= % =K.A1,
Gia thiét trao ddi nhiét &n dinh:
9=49,=49; =4,

Cd ché trao d6i nhiét
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung
1 ' mullllli||||||

Tinh toan thiét bi trao déi nhiét s
Gia thiét trao d6i nhiét &n dinh:

9=49=49: =49,

Cd ché trao d6i nhiét
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
Phugng phap tinh:

- Chon sd bd kich thudc 6ng chum:
Chiéu dai , dudng kinh
-Chon s6 bd ché& dd chuyén ddng:

Thudng chon trudc Re & ché do
chay rdi (xody)

-Xac dinh cac hé s cdp nhiét trén )
hai bé mat ctia 6ng. Cd ché trao doi nhiét

236

59



Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 U’ng dung

Tinh toan thiét bi trao déi nhiét

Phuang phap tinh:

- Chon sd b kich thudc 6ng chum:
Chiéu dai , dudng kinh
-Chon sa bd ché& dd chuyén déng:

Thudng chon trudc Re & ché do
chay rGi (xoay)

-Xac dinh cac hé s6 cdp nhiét trén )
hai bé mdt clia 6ng. Cd ché trao doi nhiét
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Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.3 Ung dung
Tinh toan thiét bi trao déi nhiét
Phugng phap tinh:
Chon gié tri dau: 7,
Xéc dinh: ¢, = (f, —17,)
Xac dinh: 1 theo:

A
9. =4 :Z_‘(frl —1r;)

S,
Xac dinh: g, = o, ({7, —1,) Cd ché trao déi nhiét
Kiém tra sai s8: |9'1 -9\ 4, 55%?‘ 238

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

Phuong phap tinh:

Hé sG cap nhiét ¢; phia hdi nudc bao hoa

P 2 )3 Ngung tu doc
a, =2,044 TonPonin. theo vach ding
/ImzArlH

Af =t -1y

705 Poms Zoans Mo © AN nhiét (I/kg), khoi lugng riéng (kg/m3), hé & dén

nhiét (W/m), d6 nhét (Ns/m2) clia nudc ngung .

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

Phuong phap tinh:

Hé sG cap nhiét ¢; phia hdi nudc bao hoa

P Ngung tu doc
a, =2,04 Ton P theo vach diing
/ImzArlH
Chuy:
;NT = f(rf)
nn /1!!)1 ’/um! = f(tm)

Tra s tay
(Dung thuat toan ndi suy)

= ﬂ Nhiét d6 mang nudc ngung
2 240
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 U’ng dung

S
Tinh toan thiét bi trao déi nhiét 1
Phuong phap tinh: : :‘ g
Hé sG cap nhiét ¢, phia dung dich s :r’ 3
d 0.25 -tz
o, Pr ,
Nuy=—= =0,021Re™® Pr%*| — & \ by
Ada Pr; i O
C vd s
Prer o p) Re= P pvd,r) BT
/lda' Hag

241

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét st &

Thuét todn: Ar -t -t —t,,)
b =

2) Xac dinh g ‘ In I =ty

Gia thiét: g, = ¢, -1,

‘Afr =l —l, =gy _’\ ' . Or
-

‘pa,d s Agas Haas Cp s }—-‘Nzt,Pr,Prr ‘—»_. g, = al,

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

Thuat toan:

1) Xéc dinh g

Gia thiét: Af, =t, —1,, = A,

m rl -

2

e —
P ;“’mz s Mo

242

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh
1.3 Ung dung

Tinh toan thiét bi trao déi nhiét

Thuat toan:

3) So sanh g, va g,

4~y <0,03+0,05
q,

4) Xéac dinh mat do truyén nhiét g:

9 49,
2

‘]:‘Lb:
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 Ung dung
Tinh toan thiét bi trao déi nhiét
Thuat toan:

5) Xac dinh dién tich bé mat
trao ddi nhiét F:

Fo2

q
Q= GCp.dd(f:,c —ta)

6) Xac dinh s6 6ng chum n: 1=

7d

o.tb

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
Chuong trinh:

NOISUY (tm, lamNN, lamN, tlamN) ;
NOISUY (tm, RoNN, RoN, tRoN) ;
NOISUY (tm, MuyNN, MuyN, tMuyN) ;
NOISUY (tl, rNN, rN, tRN) ;

246

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

,
1.3 Ung dung
Tinh toan thiét bi trao déi nhiét
Chuang trinh:
Program TBN1;
uses crt;
type
mX=...
var
lamN, tlamN, ..:mX;
lamNN, .., tm, G,Cpdd, ..,ql,g2,gtb:real;
nCB,1i,j,k:integer;
Procedure NOISUY (xs:real; var ys: real; Y,X:mX);
247

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan thiét bi trao déi nhiét
Chuang trinh:

Program TBN1;
Procedure ALPHAL (var Alfal:real; deltatl:real);

Procedure ALPHA2 (var Alfa2:real; deltat2:real);
{Chuong trinh chinh}
BEGIN
clrscr;
{Nhédp G, t2d,t2c,tl,deltaT,lamdaT,Cpdd,rl,r2}
248
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Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
Chuang trinh:

Program TBN1;

rT:=rl+r2+deltaT/lamdaT;

deltaTtb:=((tl-t2d)-(tl-t2c))/In((tl-t2d)/ (tl-
t2c))

Q:=G*Cpdd* (t2c-t2d) ;
t2:=tl-deltaTtb;
deltatl:=0.5;

Repeat

249

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
Chuang trinh:

Program TBN1;

Repeat
ALPHAL (Alfal,deltatl);
gl:=Alfal*deltatl;
tTl:=tl-deltatl;
deltaT:=gl*rt;
tT2:=tTl-deltaT;
deltat2:=tT2-t2;
250

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan thiét bi trao déi nhiét
Chuang trinh:

Program TBN1;
Repeat

ALPHA2 (Alfa2,deltat2);
g2:=Alfa2*deltat2;
if gl<g2 then deltatl:=deltatl+0.05
else deltatl:=deltatl-0.05;
Until abs(gl-g2)/ql<=0.03;
q:=(ql+q2)/2; 251

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan thiét bi trao déi nhiét

Chuang trinh:

Program TBN1;

F:=0/q;
no:=F/ (3.14*dotb*H) ;
{In két qua: Dién tich F, s bng no}
readln;
END.
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 U’ng dung

Tinh toan thiét bi trao déi nhiét
Chuang trinh:

Procedure ALPHAI (Var Alfal:real;deltatl:real);
Begin

NOISUY (tm, lamNN, lamN, tlamN) ; 0t
_ 2 04 ;,nnpnn/"m:

NOISUY (tm, RoNN, RoN, tRoN) ; o, = 2,044 ﬂ

NOISUY (tm, MuyNN, MuyN, tMuyN) ; Ho fl

NOISUY (tl, rNN, rN, trN) ;
TU:=rNN*sqr (RoNN) *1lamNN*sqgr (lamNN) ;
MAU:=MuyNN*deltatl*H;
Alfal:=2.04*sqrt (sqrt (TU/MAU) ) ;
End; 253

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan thiét bi trao déi nhiét

Bai tép:
Viét chuang trinh xac dinh dién tich b& mt trao déi nhiét cla thiét bi
trao d&i nhiét 6ng chum kiéu diing d€ dun néng dung dich Benzene
vdi ndng sudt 5,5 tan/h tr 25 dén 75°C bang hai nudc bdo hoa & nhiét
d6 120°C.
Cho trudc:
1- Chiéu 6ng chum: H=2m; Chiéu day 6ng: &; = 2mm; Vat liéu: thép CT3.
2- Hé sG cap nhiét phia dung dich: o, = 397 W/m2
Céc s6 liéu khac tra s6 tay Qua trinh va thiét bi cdng nghé hda chat T1,2.

254

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan hé théng thiét bi cé dic

Multi - Effect Evaporator

255

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi cé dic

Water
| Condenser

‘H".=-C,».=-’:—:r.\-f.'—::sL‘—f -

‘W:-Cp‘.-fyﬂ-‘ryﬂ‘ ‘”":-C_;:-*'.'—:.-".-]:—:.ﬂ

P —— I/J
P, @ p @ 5
FRLERL A SUN— |
T T | T; Barometric leg
! L 10.4
LR Iﬂ[—l LI 11 "
~‘G¢.Cp¢.1‘;i,a:‘ \‘G:_C;::J_:.u: kR
Trap L‘J'"AP Trap
Steam condensate Condensate

[D.6.¢]




Chuang 1. Cac phuadng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi c6 dic

Muc dich ctia viéc tinh toan hé thdng c6 ddc (nhiéu ndi lién ti€p —
multi-effect evaporation):

- Xdc dinh céc dai lugng D, W;, W,, W5 d&€ dam bao
1) Nang cao ndng d6 dung dich can c6 dac tir a4 dén a,

2) Dam bao dl kha ndng trao déi nhiét tir hai dét D va hai thir
W, trong tirng thiét bi c6 ddc.

- Dua vao hai lua chon chinh:

1) Dién tich bé mat trao d6i nhiét trong cac thiét bi la bang
nhau

2) Téng dién tich bé mét trao ddi nhiét 1a nhé nhét 257

Chuaong 1. Cac phuacng phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi cé dic
Ca sd tinh toan:

- X&y dung phuong trinh can bang chét cho tiing ndi va cho
hé thdng

- Xay dung phuong trinh can bdng nhiét (ndng lugng) cho
tirng ndi va cho hé thdng

- K&t hgp vdi mot s6 gia thiét nham dan gian hda md hinh

i

Hé phudng trinh tuyén tinh véi cac &n s6: D, W,

258

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

7 Dy
1.3 Ung dung o
Tinh toan hé théng thiét bi cé dic Feed G, 1
I
Can bang chat: —— T
TB1 (n=1) Steam ]lﬂ Eﬂ][[—]
{Gﬁ' = Gl + n'i (Gs-D
_ T
G,a,; =G, “
G,a,
1= -
G, -,
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Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan hé théng thiét bi cé dic
Can bang chat:
TB2 (n=2)

G, =G, + W +W,
G,a,; = G,a,

Gya,
PG, - -,
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 U’ng dung

Tinh toan hé théng thiét bj c6 dic  —— 7

Can bdng chat:
TB3 (n=3)

G, =G, +W +W, +1V,
G,a, =G.a,

G,a,
a, =
TG, -W =W, =TT,

261

Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi cé dic
Can bang nhiét:

TB2 (n=2)

TVI(]HTI _C;zgz) = Glel (’s: _Isl)+IVIC;JJ(rf‘l'3 _{sl)

TB3 (n=3)
TV: (]HTZ _C;)Sgi) = Gszz (tss - fsz) + I'Vsc;;a(f}frs _Iss)

263

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi cé dic
Can bang nhiét:
TB1 (n=1)
Gde__dfd +DI, = GICPII‘S1 + DC;IQ

Thong thudng dung dich dugc gia nhiét dén nhiét do so6i trudc khi
dua vao cb dac:

G,Cyalyy = GC ot +W,Cot,, GC

plosl plisl p.l =

G,C, . ~W,C

pl

D(IH - C;lgl) = G‘Cp.a‘ (rsl - rd)+ W1C;;1(rHr1 - r51) +Qu +ch

d
262

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung
Tinh toan hé théng thiét bi cé dic

K&t hdp can bang chét va cn bang nhiét:

‘D("‘TH B C;lgl) = Gde.d (rsl B r«i)+ IVlC;:Jl(tHTl B ’51)

Wy — C;; 8,)= Glel (t,, —t,)+, C;u: (Lar: —13)

IVZ (]Hrz _C;sgs) = Gszz (Tss - rsl) + W;C:ps (ers —3‘55)

a,

W, + 1V, + 1V, = G[{l—“—d}
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Chuang 1. Cac phuadng phap giai phugng

trinh va hé phuang trinh
1.3 Ung dung

Tinh toan hé théng thiét bi c6 dic

DE giai dugc hé phuaong trinh can bang vat chat va nang lugng:

1. Xac dinh ap suat lam viéc trong tiing thiét bi
2. Xac dinh lugng hdi th{r trong ting thiét bi

265

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan hé théng thiét bi cé dic

1. Xac dinh 4p suat lam 2. Xéc’ dinh ILrQng hdiN
viéc trong tiing thiét th(r trong timg thiét
bi P, P,, P, bi w,, W,, W,
Xac dinh nhiét d6 hai Xac dinh ndng d6 chat
th(r trong tiing thiét bi tantrong tung thiét bj
ture taro turs a; a as
tsi:THTi+Ai+Ai+Ai 266

Chuang 1. Cac phuang phap giai phugng

trinh va hé phuang trinh
1.3 Ung dung

Tinh toan hé théng thiét bi cé dic

rsi:rHTi+Ai+Ai+’AAi

Anh hudng
ctia néng do

Anh hudng
clia &p sudt Anh hudng do
thay tinh ma sat trén T
dudng 6ng

Chuaong 1. Cac phuang phap giai phugng
trinh va hé phuang trinh

1.3 Ung dung

Tinh toan hé théng thiét bi cé dic

1. Xac dinh ap suat lam

| Gia thiét ban dau |
viéc trong timg thiét <; P, - P,
bi P, P, P, AR =———

n
I 1T |Gathigtlai |
[Hiéu nhiét do hitu ich| | Kiém tra gia thiét |
<::| F, = const
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Chuang 1. Cac phuang phap giai phuong
trinh va hé phugng trinh

1.3 Ung dung

Tinh toan hé théng thiét bi c6 dic

2. Xac dinh Iugng hai | Gia thiét ban dau \

th(r trong ting thiét <; W

bi W, W, W, i

I 1T |Githigtlai |
| Cacthéngss | | Kiém tra gia thiét |
<:: TUr viéc giai hé
phuang trinh
CBCva NL

Chuadng 1. Cac phuang phap giai phuong
trinh va hé phuong trinh _hép .

1.3 Ung dung Gia thiét phan bd ap
Tinh toan hé théng thiét bij c6 dic suat b, P, ff s
F=F =F Gia thiét phan bd hoi
b thir 1, W, W,
Qf / K! ‘
AI‘! =Af - Xac dinh cac nhiét do va
Z Q, /K ; thdng s& héa ly tuang
tng
At = ZA{. Tinh toén lai w,, w,, W,
i
Tinh toan trao ddi nhiét
Kiém tra hiéu

nhiét d6 hitu ich
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Chuang 1. Cac phuang phap giai phugng
trinh va hé phuang trinh
1.3 Ung dung

Tinh toan hé théng thiét bi cé dic
Tinh toan hé théng cd d&c hai ndi xudi chiéu dé cd dic
dung dich dugng sucrose:
-Nang suat G4 = 3000 kg/h
-Nong d6 dau a4 = 12%
-Nong d6 cudi a. = 60%
St dung hgi bao hoa & ap suat P, = 2atm

Ap suét tai baromet P, = 0,2 atm
271

Chuaong 2
Cac phuang phap tinh tich phan xac dinh

Tinh gan ding cac tich phan xac dinh

b
- Xét tich phan xac dinh: 7 — j F(x)dy;
a

- Néu f(x) lién tuc trén [a, bl va cé nguyén ham 13 F(x) —
b

1= J' F(x)dx = F(b)- F(a):
a
. + thwong kho khan khi tim nguyén ham
-Thucté: <. g givEnham:
+ Ham f(x) dwgc cho dwi dang bang so.

272




Chuong 2
Cac phuang phap tinh tich phan xac dinh

Tinh gan ding cac tich phan xac dinh

-Tinh gan dung gia tri cGa tich phan —thay ham duéi dau
tich phan bang mot da thire x4p xi.

b b
I = J.f(x)d\‘ = ‘[P,l(.\‘)d\‘;

273

Chuong 2

Cac phuang phap tinh tich phan xac dinh
Tinh gan dung cac tich phan xac dinh

Pa thirc xap Xi trirc tiép: P, (x) = ag + ayx + asx” +---

a 2 ar 3 b
I=(agx+—tx” + 227 +.0)
2 3 a

274

Chucong 2
Cac phuang phap tinh tich phan xac dinh

Tinh gan ding cac tich phan xac dinh

Pa thire Ngwton thdvbnhé't (Newto(rzl) )tié'n):
I

1= _‘.f(x)d.\' & J-P’T (x)dx=h JPH(r)dr:
(voi dx = fidt) ‘ @
- Chon diém co sé la diém a (x, = a) thi tai d6 t(a) = 0 va
x=b &¥ngvoit=k; t
X=X, + ht — ]=17IR1(A'O +lr7f)df;
0

- Chia [a, b] thanh n doan con bang nhau béi cac nat x;:
A=X) <X <X <Xl <X, = b

x=a+ih; h= —a.

n 275

Chuaong 2
Cac phuang phap tinh tich phan xac dinh
Tinh gan ding cac tich phan xac dinh

1(b)

I= ff f(x)dx ~ fjpn (x)dx = h | P, (t)dr:
a a t(a)

t
x=¥+ht — [I= hIR,(.\'G + ht)dt;
0

Bac cla da thirc dwgec chon  —— cong thire tinh twong tng.

n=0 — cbngthtrc hinh chir nhat;
n=1 — cbngthtc hinh thang;

n=2 — congthirc Simpson 1/3;
n=3 — congthlrc Simpson 3/8; 276
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Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.1 Tinh tich phan xac dinh bang phuang phap hinh
thang

j Flx)dx = j Flx)dx + j Flx)dx oo+ j f(x)dx:
- Thay f(x) b&ng da thirc ndi suy P,(x).

t
- Cong thirc hinh thangn=1 — B(x)= 3+ - o3
- Déibién: x =x, + ht — dx =hdt

x—xo—> t=0;x=x, —t=1 —»TlchphénthL'M:

" t=1
IH(\)d\ 7hj.(10 +1AV)dt = h(10f+—A10)
5 2 t=0

\0 ‘1
o*‘]

jf(\)ci\ = h(y, + 1A1D)

A 277

Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.1 Tinh tich phan xac dinh bang phuang phap hinh
thang
- Y nghia hinh hoc ctia céng thirc:

Thay dién tich hinh thang cong bang
dién tich cda hinh thang thwong.

Chucong 2
Cac phuang phap tinh tich phan xac dinh
2.1 Tinh tich phén xac dinh bdng phugng phap hinh
thang ‘T’ — —
ich phan th i+1: ‘

o . .
_[ f(x)dx = hj (y, + Ay, )dr = h ¥ +21 _
x o

— 1= 20Oy ()

h
I= E(_ro 20 2y, 2y, 4 Y,)

- B4 chirng minh dwoc sai sb cla cong thirc 1a

‘R‘:‘%’hz(b—a); M =max|f"(x); asx<b;
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Chuaong 2
Cac phuang phap tinh tich phan xac dinh

2.1 Tinh tich phén xac dinh bdng phugng phap hinh
thang

Vi du:
Tinh tich phan [ = J.

1+ x*

I = arctan x‘i =arctan5—7/4 = 0.588

280
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Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.1 Tinh tich phan xac dinh bang phuang phap hinh
thang

Viduy:

I/
I = ;I(.."n 232y 42y, + )

Program HTI1;
Uses crt;
Var
TP,a,b,x,x0,S1,50,hx:real;
n,i,j,k:integer;

Function F(x:real) :real;
Begin
F:=1/(l+sqr(x));
End;
281

Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.1 Tinh tich phan xac dinh bdng phugng phap hinh
thang

Vi du:

/
7= 7’(__\-0 2N 2D 2y, +0,)

Program HTI1;

{Chuong trinh chinh}
BEGIN
clrscr;
{nhép a,b,n}
hx:=(b-a)/n;
SO0:=(F(a)+F (b)) /2;
S1:=0;
282

Chucong 2
Cac phuang phap tinh tich phan xac dinh

2.1 Tinh tich phén xac dinh bdng phugng phap hinh
thang

Vi du:

/
7= 7’(__\-0 2N 2D 2y, +0,)

Program HTI1;

For i:=1 to (n-1) do
Begin
x:=a+i*hx;
S1:=S1+F (x);
End;
TP:=hx* (S0+S1) ;
{In két qua}
END. 283

Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

- Chia [a, b] thanh 2n doan con bé&i cac nut x,.
a=Xg <X <Xy <X < Xay =D
g=atvi, h=""% i=012..2n
2n

- Cho ham f(x):
jf(x)dx = J. f(.\‘)d\'-»—ff(x)d\‘-»— et T}(.\‘)d\';
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Chuong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phén xac dinh bang phuang phap Simpson

- f(x) — da thrc ndi suy Newton bac 2:
Ht- 1)

P1(1)710+1 Ayg +

2

J.f(.x)d,\ _ij(\)d\
R o
-DPbibién: x=x,+ht; —, dx=hdt;
X=Xy, — t=0; x=%x, — t=2;
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Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

N
Ayg = 11 Yo: Ayg=yr -2y +yo:

1(t-1) >
jpﬂ(\)d\_hj(lowmw . ) N2yt

Xo
t 1 ),
=hl yit+—Ay, +—| ——— [ATy
{10 > Vo 2(3 2] Jo}

—h{’)\ +2Ay +1(8——i}_\'}
203 2

h
= (v +4n+0);
J

2

0
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Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson
- Cac tICh phan sau cung tinh twvong ty ——
jf(\)d\ 7*(_)311‘4111 1+ Y2502 )

C gtatca —
76

d\——[(\ Ay )+ A Y )+ (Ve F 4 100

J f(.\)dr = g[(,rﬂ + ,1\:::) + 2(,“: + :':l et -T:i;-: ) + 4[,“] + ,‘ls teeet -“:‘ri-! )]

a

b-a

287
2n

VO h=

Chuaong 2

Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson
- Sai sb:

M 5.
|R\_Eh (b-a);

VoI M =max ‘fm(x)‘; a<x<b,
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Chuong 2

Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phén xac dinh bang phuang phap Simpson
Vidu: 5

Tinh tich phén [ = J.

1

dx
1+ x*

5
1

[ =arctan x‘ =arctan5—7/4 =~ (0.588
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Chuong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

1= ﬁ[(ln + ~'l:;;)+ 2(:[‘: Tyttt .1‘::3_:)4‘ ‘I(J] +y et .1‘::;_1)]
>

Vi du:

Program Simpsonl;
Uses crt;
Var

TP,a,b,x,x0,50,51,S2,hx:real;
n,i,j,k:integer;
Function F(x:real) :real;
Begin
F:=1/(l+sqgr(x));
End;
290

Chucong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

Vi du: 1= g[(lﬁ + ~'l:;;)+ 2(:[‘: Tyttt .1‘::3_:)4‘ ‘I(J] +y et .1‘::;_1)]

Program Simpsonl;

{Chuong trinh chinh}
BEGIN
clrscr;
{nhép a,b,n}
hx:=(b-a)/(2*n);
S0:=F (a)+F (b);
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Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

1= ﬁ[(ln + ~'l:;;)+ 2(:[‘: Tyttt .1‘::3_:)4‘ ‘I(J] +y et .1‘::;_1)]
>

Vi du:

Program Simpsonl;

k:=-1; S1:=0;
For i:=1 to n do
Begin
k:=k+2; {Tao day 1lé 1,3,..,2n-1}
x:=a+k*hx;
S1:=S1+F (x);
End;
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Chuong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phén xac dinh bang phuang phap Simpson

Vi du: 1= g[(lﬁ + ~'l:;;)+ 2(:[‘: Tyttt .1‘::3_:)4‘ ‘I(J] +y et .1‘::;_1)]

Program Simpsonl;

k:=0; S2:=0;

For i:=1 to n do

Chuong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

Vi du: 1= g[(lﬁ + ~'l:;;)+ 2(:[‘: Tyttt .1‘::3_:)4‘ ‘I(J] +y et .1‘::;_1)]

Program Simpsonl;

TP:=hx* (S0+4*S1+2*52) /3;
{In két qua}
writeln (‘Tich phén I = ’,TP:8:4);
readln;
END.
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Begin
k:=k+2;
x:=a+k*hx;
S2:=S2+F (x) ;
End;
293
Chucong 2

Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

)7
I= Ti[(y.J F ) F 20 vyt 1, ) A0 s et 1y, 0)]
bl

Xac dinh s khoang chia thich hgp
Procedure SS(Var TP:real;n:integer);
Begin
hx:=(b-a)/(2*n);
S0:=F(a)+F(b);
k:=-1; S1:=0;..
k:=0; S2:=0;..
TP:=hx* (S0+4*S1+2*52)/3;
End;
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Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

Xac dinh s khoang chia thich hgp
Program SS2;

Uses crt;

Var

Function F(x:real) :real;
Begin
End;
Procedure SS(Var TP:real;n:integer);
Begin
End;
296
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Chuong 2

Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson
Xac dinh s khoang chia thich hgp

Program SS2;

{Chuong trinh chinh}
BEGIN
clrscr;
{nhép a,b,n}
Repeat
SS(TP1,n) ;
n:=2*n;
SS(TP2,n) ;

Until abs (TP1-TP2)<=eps;{vi du eps = 0,01} 297

Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Tinh tich phan xac dinh bang phuang phap Simpson

Xac dinh s khoang chia thich hgp
Program SS2;

{In két qua}

writeln (‘Tich phan I !, TP1:8:4);
writeln (‘s khoang chia thich hop n
readln;

END.

"yn);
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Chucong 2

Cac phuang phap tinh tich phan xac dinh
2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)

Lugng san pham dinh va san pham day thay ddi theo thdi gian

Can bang vat chét viét cho g -i
hé thdng trong mét khoang ]
thdi gian vi phan d: Gyl
L
dG =—dL ¥ Fxp

dG.y +d(Lx)=0

d(L-x) Lx
dG.y" + Ldx +xdL =0 : 5 U U

=< b0
dL _ dx

L y-x

299
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Cac phuang phap tinh tich phan xac dinh
2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)

Lugng san pham dinh va san pham day thay ddi theo thdi gian

Khi qua trinh chung dién ra ‘g ___________ -i
trong khoang thdi gian ¢ d& ]
6 dudgc x,, va x,: Gyl
= -
dL _ j dx | FxF
FL x;-"._"' d(L-x) Lx H I_l |_|
Xy _b ’
N < Do
Wl —x —
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Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)

F T odx dx
n—=I=|——— <:| xX)=——=97
W Ly -x 4 y —X
- i1
= |V = * "
e‘(p(I) y T X y T
0 |0 [110,6 |50 |71,2 [92,1
C 5 |11,8]1083 |60 |79 |894
_ Fx—Wx,
= |5, - - 10 |21,4]1061 |70 |854 |86,8
P 20 |38 [1022 |80 |91 |844

30 |51,10986 |90 [959 |823

| Phai tinh 7 bang phuang phép s6 40 (61,9952 100 | 100 39%80,2

Chuaong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)
Thuat toan
1. Chia doan [xy,x;] thanh » khoang déu nhau
2. Xac dinh gia tri FF, tai x, tudng (ing
3. Tinh tich phan bdng phuong phép hinh thang hodc Simpson

Chucong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)
Chuang trinh

Procedure HAM(Var FF:mX;n:integer);
Begin
hx:=(xF-xW) /n;
For i:=0 to n do
Begin
xs:=xW+i*hx;
NOISUY (xs,yCB,Y,X);
FF[i]:=1/(yCB-xs);
End;
End;
303

n 0 1 2 n
X Xy X, Xy Xp
V' Yo V05 Va
A=y"—x|A A A, . A,
FF=1A |FF, |FF, |FF, |... 30FF,

Chuaong 2

Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung

Tinh toan qua trinh chung don gian (batch distillation)
Chuang trinh

Program CDG;

Uses crt;

Type
mX=array[l..50] of real;

Var
FF,X,Y:mX;
P,W,F,xF,xP,xW,hx,S0,31,S2:real;
n,nCB,1i,Jj,k:integer;

Procedure NOISUY (..);

Procedure HAM(..);
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Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)
Chuong trinh

Program CDG;

{Chuong trinh chinh}
BEGIN
clrscr;
{Nhép F,xF,xW,nCB,X,Y};
HAM (FF,n) ;
{Tinh tich phan:phuong phap hinh thang}
S0:=(FF[0]+FF[n])/2;
S1:=0;
305

Chuaong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan qua trinh chung don gian (batch distillation)
Chuong trinh

Program CDG;

For i:=1 to (n-1) do
S1:=S1+FF[i];
TP:=hx* (S0+S1);
W:=F/exp (TP) ;
P:=F-W;
XP:=(F*xF-W*xW) /P;
{In két qua: P,xP}
readln;
END. 306

Chucong 2
Cac phuang phap tinh tich phan xac dinh
2.2 Ung dung

Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
S8 dan vi chuyén khéi:

1. Chung luyén Doan luyén DPoan chung
dv Ty Tody
Nog = [—— Nper = [— Nopge = [—
06 J.}_ —y |:> 06L \J_‘ e o6e ‘J:_,_v -
2. Hap thu

Nog :j dl |:> Nog = ‘f d1
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Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
Chuong trinh
Procedure HAML (Var FF:mX;nL:integer);
Begin
hxL:= (xP-xF) /nL;
yF:=DLVL (xF) ;
hyL:=(xP-yF) /nL; {Chia khoang cho y}
For i:=1 to nL do
Begin
xs:=xF+1i*hxL;
NOISUY (xs,yCB,Y,X);
ys:=DLVL (xs) ;
FF[i]:=1/(yCB-ys);
End;
End; 308
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Chuong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
Chuang trinh
Procedure HAMC (Var FF:mX;nL:integer);
Begin
hxC:= (xF-xW) /nC;
yF:=DLVC (xF) ;
hyC:= (yF-xW) /nC; {Chia khoang cho y}
For i:=1 to nC do
Begin
xs:=xW+1i*hxC;
NOISUY (xs,yCB,Y,X);
ys:=DLVC (xs) ;
FF[i]:=1/(yCB-ys);
End;
End; 300

Chuaong 2
Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
Chuang trinh
Program TDeml;
Uses crt;
Type
mX=...
Var
FF,X,Y:mX;
No,NoL,NoC, xs,ys,F,P,W, xF,xP,xW,..:real;
nCB,nL,nC,n,1i,Jj, k:integer;
Procedure NOISUY (..);

Function DLVL(..) :real;

Function DLVC(..) :real;

Procedure HAML(..);

Procedure HAMC (..) ;.. 310
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Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung
Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
Chuong trinh
Program TDeml;
..{Chuong trinh chinh}
BEGIN
{Nhap sb liéu dau: F,xF,xP,xW,R,nCB,X,Y,nL,nC,..}
{Can bi&ng chéit}
P:=F* (xF-xW) / (xP-xW) ;
W:=F-P;
HAML (FF, nL) ;
S0:=(FF[0]+FF[nL])/2;
S1:=0;
For i:=1 to (nL-1) do
S1:=S1+FF[i];
NoL:=hyL* (S0+S1) ;.. 311
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Cac phuang phap tinh tich phan xac dinh

2.2 Ung dung

Tinh toan s6 don vi chuyén khdi va chiéu cao
thap chung luyén va hap thu loai dém
Chuong trinh

Program TDeml;

HAMC (FF,nC) ;
S0:=(FF[0]+FF[nC])/2;
S1:=0;
For i:=1 to (nC-1) do
S1:=S1+FF[i];
NoC:=hyC* (S0+S1) ;
No:=NoL+NoC;
{In k&t qua}
writeln ('S8 don vi chuyén khéi No = ’,No:8:4);
readln;
END. 312




Chuong 3

Phuang trinh va hé phuang trinh vi phan

Mé& dau. Céc bai toan thudng gap c6 thd — 2 loai:

* Bai toan Cési: la bai toan dang phwong trinh vi phan voi

didu kién bé sung (diéu kién ban dau) da cho tai khéng qua

mot diém.

Vi du: Chophuwongtrinh vi phancip1:  y =2x+1; (a)

-Nghiémténgquat: y=x2+x+C; (b)

C - héng sb tich phan, phu thudc diéu kién ban dau

- Méi gia tri chiaC — 1 nghiém xac dinh.

- Xac dinh C can biét thém 1 diéu kién ban dau, vi du
y(x=1)=2; (c) — (b) — C=0;

— Nghiémcla(a)la y=x2+x — thodman (a)va (c).

Bai toan tim ham s6 y(x) thod man p/t vi phan (a) va diéu kién

ban d3u (c) — bai toan Cési. 313

Chuong 3
Phuang trinh va hé phuang trinh vi phan
Bai toén Cési dbi véi phurong trinh vi phén cép 1:
- Cho khoéng [%0, X]
- Tim ham sd y = y(x) xac dinh trén [x,, X] thod man:
Yy =f(xy), xp<x<X (
y(o) =n;
Trong dc") f(x, y) —ham da t‘)iét; n-so thL,‘vc cho trudc
(2) - dieu kién Cosi hay diéu kién ban dau.

314

1)
2)

Chuong 3
Phuang trinh va hé phuang trinh vi phan

* Bai todn bién.
Bai toan gidi phwong trinh vi phan véi diéu kién bd sung duoc
cho tai nhiéu hon 1 diém.
- Cho khoang [a, b];
- Tim ham y = y(x) trén [a, b] thod man:
Y+ Py +a(xy) =f(x);  asx<b (3)
voi dieu kien  y(a) =a; y(b)=8 (4)
Trong nhiéu trwéng hop — gidi gan ding .

315

Chuong 3
Phuang trinh va hé phuang trinh vi phan
Giai bai toan Cési.
Phwong phéap chuéi Taylo. y' = f(x, y); Yp<x<X
y(o) =n;
Khai trién nghiém y(x) tai x = X,
¥'(%)

1"'(xg) b ¥®(1)

y(x)=y(xg)+ (x=xq)+ (x=xg) ++-4 i (.\'v.\',))k%--
V' (x0) = f(xg, ¥(x0)) = [ (x0.1);
KU S «‘,r_g«., g,.,..v,.
7= O = oy @) = sy ) 0
V(%)= ci_(—"oﬂ‘?)*?(v‘bﬂ)'f(v\'u:’?);
Cx oy
Twongty — y” — y®(x,) — chubi(5). a6

(5)
(6)

(7)
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

D3 CM dwoc rang:
Vi |x—x0| da bé, chudi(5) — nghiémcta(1),(2) —

tdng S,(x) cGia n sb hang dau ctia (5 ) — nghiém xap xi cta
(1),(2); ncanglén dé chinh xac cang cao.

Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Gidi phuang trinh vi phan bang phuang phap Euler
- La phwong phap sb;

- Xac dinh tirng gia tri clia y(x) theo gia tri cu thé ctia x

—— bang cac gia tri x va y(x) twong (rng.
Noi dung: - Chia [x,, X] — n doan béng cac nut x, cach déu.

Xi=xg+ih; i=0,1,2, ... n oS %).
[x] — Luwéisai phan trén [x,, X] n
h = const;

X — nut cla lwdi; h-bwdc cla lwdi:

T M ()
}'(J‘}:}'(.\‘O}+'] (10‘}(.1'7.1‘0%} (’:0)(1.,3.0)2+,,,+-‘ k("\o}(\f.\'o}“r (5)
Yy =f(xy);, x;<x<X (1)
Y(X0) =n; (2)
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Phuang trinh va hé phuang trinh vi phan
3.1 Gidi phuang trinh vi phan bang phuang phap Euler

Thanh Iap céng thirc tinh:
- y(x) —gia tri dung cla y(x) tai x;
- y; — gia tri gan dung tinh dwoc cla y(x);

- Gia slr d& biét y;, can tinh yi,, tai X,

— V(@)= () Y () - x);
V(1) = () + () (x4 — x);

JJ(xi) =f (xi > }-‘(A’l-));

(xi+1 o xf) = h;
() = )+ (g () 8a)
- biéty, — Yia=Wt h-f(vayi ): 3(199 )

- Khai trién Taylor tai x; h d0 nhé — b6 qua cac sb hang cubi.
(8)

- y(x) nghiém dung cta (1), (2)
Yy =fxy), xy<x<X (1)
Y(X) =n; 3(182)
Chuong 3

Phuang trinh va hé phuang trinh vi phan
3.1 Gidi phuang trinh vi phan bang phuang phap Euler

Yy =fxy), xp<x<X (1)
(2)

) y(%) =n;
-Dieu kién bandau — y,=n
V=V, A S, 3, );

Y.=0 +h-f(x1=.1‘1 );

X, =X, +ih
Nhan xét: - Bon gian, khdng phai giéi p/trinh nao, thuan tién
lap trinh gidi trén may tinh
- B6 chinh xac khéng cao. 320
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Giai phuong trinh vi phén bang phuaong phéap Euler

- Banh gia sai s&: Sau khitinh dwoc u tai x; v&i bwéce h: u(x,h)
—— tinh u(x, h/2) —— nghiém — saisb:

) h e o aaf e — 9 x ﬁ-'
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Gidi phuang trinh vi phan bang phuang phap Euler

Cac budctinh: Cho y =f(x,y); xg<x<X: y(x)=n;

- An dinh sb khoangchian; -Tinhh=(x—x,)/n ;
-Tinhx, =x, +ih; -Daty,=n

-Tinh vy =y, +hf(xy) voi i=0,1,2,...,n;
-bat y(x, h) =y; thay h = h/2 tinh laj;
-Daty(x,h/2) =y; — v(x. h/2) ~y(x)

- Saisé: J{"\"”g —y(x) = 3-(.\',,11)—){,\',,2}
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Giai phuang trinh vi phan bang phuong phap Euler

Chugang trinh , 2x
y=y——
Program Eulerl; - - v
Uses crt; i
Var J"(O) =1

x0,%,y0,y,h:real;
n,i,j,k:interger;
Function F(x,y:real) :real;
Begin
Fi=y- (2*x/y);
End;
{Chuong trinh chinh}
BEGIN
clrscr;
{Nhdp x0,xc,y0,n}
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Gidi phuang trinh vi phan bang phuang phap Euler
Chuang trinh 2x

V=y-——
Program Eulerl; - - v
h:=(xc-x0)/n; '1’(0):1

x:=x0;
y:=y0;
For i:=1 to n do
Begin
x:=x+1*h;
yi=y+h* (F(x,y);
yE[i]:=y;
End;
{In k&t qua}
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.1 Giai phuong trinh vi phén bang phuaong phéap Euler

Chuong 3
Phuang trinh va hé phuang trinh vi phan
3.2 Gidi phuang trinh vi phan bang phuang phap hinh
thang
Phwong phap Ole c6 db chinh xac khéng cao.
— Thay (9) ¥, =¥, +hflx.») (9)

— vamnt e el
U4 trong (11) dworc tinh theo cdng thirc Ole:
o=y +hf(x, )
D3 chirng minh dwoc phwong phap nay cé d6 chinh xac cép 2:
v, = v(x):= 0(h%).

326

Chuang trinh v g 2%
Y= P
Program Eulerl; % = v
;or i:=1 to n do )’(0)21
writeln (‘y[,i,’] = “,yE[i]:8:4);
readln;
END.
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Phuang trinh va hé phuang trinh vi phan

3.2 Gidi phuang trinh vi phan bang phuang phap hinh
thang

h .
1 ACTE AR (CTNEON) ST
Dé tinh nghiém (11) chinh x&c hon khi d4 biét u;, c6 thé dung
phép lap don:

}[31) =Vt 'I?f(x.f’.yf);

r h -
J"‘:E+1) = J"_, +E[f(x:’ y:) +f(x.=+l-‘y:(+kl 1))1;
Qua trinh Iap dirng lai & bwéc k khi

(12)

‘ﬂ‘l’ —J"ffn‘ <g  g—saisdchophép. (13)
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3.2 Giai phuang trinh vi phan bang phuang phap

Runge-Kutta
Bac 2:
1
V=)t E(k1 +k); (14)
trong do

k] = h'f(xi’.yf);

ky=hjf(x,+hy +k) (15)

328
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.2 Giai phuong trinh vi phén bdng phuaong phap
Runge-Kutta

Bac 3:
.‘.5-1 :.‘.s +%(k1 +4k: + k) (16)
trong do
ky=hf(x,p)
- h kL 17
k:—h.f(.\f+;7_15+5)r (17)

k= hf(x +hy —k +2k,):
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3.2 Gidi phuang trinh vi phan bang phuang phap
Runge-Kutta

Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.2 Giai phuang trinh vi phan bang phuang phap

Runge-Kutta 2y
Chuong trinh V=y— et
Program RunKut4; . 1
Uses crt; l
var y(0)=

x0,%,v0,y,h,k1,k2,k3,kd:real;
n,i,j,k:interger;
Function F(x,y:real) :real;
Begin
Fi=y- (2*x/y);
End;
{Chuong trinh chinh}
BEGIN
clrscr;
{Nhdp x0,xc,y0,n}

331

Bac 4: 1
YVia =D +5(k1 +2k, + 2k, + k) (18)

trong do

ky=h.f(x,¥):

by =h.f(x, + "15)*. +]i);

: IR (19)

k= hf(x, +§,;z + "‘2 ):

ky=hf(x +hy +k) 330
Chuong 3

Phuang trinh va hé phuang trinh vi phan
3.2 Gidi phuang trinh vi phan bang phuang phap

Runge-Kutta 2y
Chuong trinh V= J,__"
Program RunKut4; - 1
h:=(xc-x0)/n; y(o) =
x:=x0;
y:=y0;
For i:=1 to n do
Begin

kl:=h*F(x,Vy);

x:=x0+h/2;

y:=y0+k1l/2;

k2:=h*F(x,Vy);

y:=y0+k2/2;

k3:=h*F(x,Vy);
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.2 Giai phuong trinh vi phén bdng phuaong phap

Runge-Kutta 2y
Chuang trinh V= — et
Program RunKut4; " . Vv
;‘(’::Xoi’h,‘ _1(0) =1
yv:=y0+k3;

k4:=h*F(x,V);
y:i=y0+ (k1+2*k2+2*k3+k4) /6;
yE[i]:=y;
x0:=x;
y0:=y;
End;
{In k&t qua}
For i:=1 to n do
writeln (‘y[‘,1,’] = Y,yf:8:4);
readln; 333
END.

Chuong 3
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3.3 Gidi hé phuang trinh vi phan bang phuaong phap
Euler

Cho khoang [x,,X], tim cac ham mot bién y,(x), y,(x),..., y,(x)
xac dinh trén khoang [x,,X] va thod man hé phwong trinh:

N=AE L2 )
.",’2 :f:(.\',)'l,)“a_,. . "."n)

................. (20)
V=L vy L)
VO ¥i(x) = 3'1‘0:,".‘('\'0) = J..“D:"'«‘J.;:('\‘O) =V0r (21)
trong d6 £}, f5, ..., f, — cAc ham d biét.
33
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Phuang trinh va hé phuang trinh vi phan

3.3 Gidi hé phuang trinh vi phan bang phuong phap
Euler
Céng thirc Euler:
Chia khoang [x,, X] thanh n doan con déu nhau béi cac nat
/ __‘XT'_‘YO.
1 P (22)
Vit = Yoo F L1 (X0 Vi Vasisros Vi)

J\l.t‘—l = -Tl.i‘ + h'f: (xi"Jl'l.l‘-‘-T:.J"""-’-TJJ.J')
(23)

.]‘n.z—l = J‘n.x' + h'vf;i(xl"-1.‘].1"J‘:.r-""’-‘l:n.r)

X, =X, +ih 335
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3.3 Giai hé phudng trinh vi phan bang phuang phap
Euler
Chuang trinh
Program Euler2;
uses crt
Type
Var
Procedure HAM(x:real;y:mX;var F:real);
Begin
F[1]:=.

Fl(n]:=..
End;
{Chuong trinh chinh}
BEGIN
clrscr;
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Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.3 Giai hé phuang trinh vi phan bang phuang phap

Euler
Chuong trinh

Program Euler2;

{Nhdp nF,n,x0,xc}
writeln (‘Nhap céac gia tri yO0[i]’);
For i:=1 to nF do
readln (y0[i]);
h:=(xc-x0) /h;
For i:=1 to nF do

yli]l:=y0[i];
x:=x0;
For i:=1 to n do
Begin
x:=x+1*h;
For j:=1 to nF do 337

Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.3 Giai hé phuang trinh vi phan bang phuang phap

Euler
Chuong trinh

Program Euler2;

Begin
HAM (x,y,F);
yv[31:=y[31+h*F[J];
vEli,3]:=y[]];
End;
{In k&t qua}
For i:=1 to n do
For j:=1 to nF do

Begin
write (‘y[‘,1i,",", j, "1 = Y, yfli,31:8:4);writeln;
End;
readln; 338

END.

Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.3 Gidi hé phuang trinh vi phan bang phuong phap
Euler
Bai tép:
Gidi hé phuang trinh vi phan thugng cép 1
yI' = ),C08 X — ), sin x
y'2 =y, sinX— 1, oS X
)"‘1(0) =1
Y (0) =0

339
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3.4 Giai hé phuang trinh vi phan bang phuang phap
Runge-Kutta

Program RunKut2;
Uses crt;
Type
mX = array[l..50] of real;
Var
k1,k2,k3,k4,F,y,y0:mX;
h,x0,xc:real;
nF,n,i,j,k:integer;
Procedure HAM(x:real;y:mX;var F:mX);
Begin
F(l]:=.;

F[nF]:=.;
End; 340

85



Chuong 3
Phuang trinh va hé phuang trinh vi phan

3.4 Giai hé phuang trinh vi phan bdng phuang phap
Runge-Kutta

Program RunKut2;
{Chuong trinh chinh}
BEGIN

clrscr;

{Nhdp nF,n,x0,xc}

{Nhap yo[i]}

For i:=1 to nF do
readln (y0[i]);

h:=(xc-x0) /n;

x:=x0;
For i:=1 to nF do
yli]:=y0[i];

341
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3.4 Giai hé phuang trinh vi phan bang phuang phap
Runge-Kutta

Program RunKut2;
{Chuong trinh chinh}
BEGIN

For i:=1 to n do
Begin

HAM(x,y,F);

For j:=1 to nF do
K1[§]:=h*F[§];

x:=x0+h/2;

For j:=1 to nF do
yI[31:=y0[31+k1[31/2;

HAM(x,y,F);

342
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3.4 Giai hé phuang trinh vi phan bang phuang phap
Runge-Kutta

Program RunKut2;

For j:=1 to nF do
k2[§]:=h*F[§];

x:=x0+h/2;

For j:=1 to nF do
yI31:=y0[31+k2[31/2;

HAM(x,y,F);

For j:=1 to nF do
k3[§]:=h*F[§];

x:=x0+h;

For j:=1 to nF do
y(31:=y0[31+k3[3];

HAM(x,y,F); 343
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Phuang trinh va hé phuang trinh vi phan

3.4 Giai hé phuang trinh vi phan bang phuang phap
Runge-Kutta

Program RunKut2;

For j:=1 to nF do

k4 [jl:=h*F[]3];
For j:=1 to nF do

y[31:= yO[31+(k1[31+2*k2[J]1+2*k3[J]+k4[]])/6;
For j:=1 to nF do

vEli,31:=y[3];

x0:=x;
For j:=1 to nF do
vO[3l:=y[]l;
End;
End;

{In két qua} 344
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Chuong 3
Phuang trinh va hé phuang trinh vi phan
3.4 Giai hé phuang trinh vi phan bang phuang phap

Runge-Kutta
Program RunKut2;

;or i:=1 to n do

For j:=1 to nF do
writeln(yf[i,j1);

readln;
END.

345

Chuong 3
Phuang trinh va hé phuang trinh vi phan
3.5 Ung dung
Khao sat déng hoc clia mét hé phan (ng phiic tap
ky
A+ be C+D

Ky

B+C=>FE
Biét:
Tait=0:Cy = CA,UI G = CB,OI C = Cc,or G = CD,OI C = CE,U'

Céc hdng s6 t6c do phan Ung:
k = 'r‘lo:,r exp(—Ealrf /(RT))

ky = kLOr exp(—E,,, /(RT))
ky = ks exp(—E,;; (RT)) 34

Chuong 3
Phuang trinh va hé phuang trinh vi phan
3.5 Ung dung

Khao sat dong hoc cia mét hé phan (ng phuc tap

dC?-* =k C,C, +k,CCy

% = —k,C,Cy +k,CoCp—k,C,C

e _1C,Cy ~kCaCyp—hCyCo

dr

d;;ﬂ =kC,Cy—k,C.Cy

dc

R 347
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3.5 Ung dung
Khao sat dE)ng hoc clia mgt hé phan (fng phirc tap
A+B&SC+D

B+CoE+F
Biét: )

Tait=0:Cy =Cug Cg = Cgo, Cc = Ceo, G = Cp o G = Ce 0 G = G

Cac héng s6 t6c d6 phan tng: &, = kwj exp(—E,, ; /(RT))
ky =k o, exp(—=E,, /(RT))
k= k:,o.f exp(—E,, ; /(RT))
k4 ::klni'exp(_ﬁE;JJ'f(}al-)*s
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Chuong 4
T6i uu hda (Optimization)

bat van dé

Chi s hoi luu
trong chung luyén
lién tuc khi téng
chi phi va chi phi
dau tu nho nhét

~Economic reflux ratio

Reflux ratio

Chemical Engineering Vol2

Chucng 4
T6i uu hda (Optimization)
Dét van dé Thanh Nguyen (2008), Energy & Fuel, ACS

100%

349
Chucng 4
TOi uvu hoa (Optimization)
Bat van de Thanh Nguyen (2010), Fuel, Elsevier
1 . o : :

. o 056 =m0, /coal =05 ]
Do chuyén == 0/coal =06
héacacbon T - om0 |
trongquéd =™ T T T —
trinh khi g o8
hoa than § %™

§ o7 s .
Pressure: 7MPa
08
B ———
osst e
001 02 03 04 05 06 0.7 08 0.9
H, 0 to coal ratio (kg/kg) 351

(8]

oo -;-im:::‘ A (c) NSR=2.0
A
” 80% |
Hiéu wox |
sugtxr o |
ly khi g
thai NO g so%
trong khi = **
10 dot W
20%
10%
0% - : : '
850 900 950 1000 1050
Temperature (°C) 350
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T6i uu hoda (Optimization)

4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient

Cuc tri toan cuc, va
cuc tri dia phuong

flx)
v
Global _—~ Local
maximum Kmaximum
“'\; Minimum (3
X .
Global \f :/Maximum—fld !
minimum ~__ Local
minimum:
352\~ /W
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Chuong 4
T6i uu hda (Optimization)
4.1 Tim cyc tri ham mdt bién s8: phuang phép diém
vang, phuong phap gradient
Mién tim cuc tri (Khoang phan ly nghiém)
fx)=0
0 Py <0~y
flx) =0

Root \

Maximum

Root Root

Minimum £'(x) >0 33

Chucng 4
T6i uu hoda (Optimization)
4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

355

Chucng 4
T6i uu hda (Optimization)

4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)
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Chuaong 4
T6i uu hoda (Optimization)

4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)
7 n 5
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Chuong 4
T6i uu hda (Optimization)

4.1 Tim cyc tri ham mdt bién s8: phuang phép diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

357

Chucng 4
T6i uu hda (Optimization)
4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

’

Y ¢

ratio
358

Chucng 4
T6i uu hoda (Optimization)
4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

=61+ ¢ f(x)

Maximum
€ t2

= R=1t;/t, ; :
¢ 1 + ¢ 2 t 1 / X; X,
1 First | i | i
; i e T 1 |

1+R=}_? R®+ R— 1= iteration G
———{(,—

- A—4=1) T _ Second
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Chuaong 4
T6i uu hoda (Optimization)
4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

; Extremum f£(x)
f(x) L ;
Eliminate (maximum)

1 !
! !
| |
1 |
| |
| |
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| |
X X

t t
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Chuong 4
T6i uu hda (Optimization)
4.1 Tim cyc tri ham mdt bién s8: phuang phép diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

\/g - ]. Extremum

(l’ — —('\/” — .\/]) " Eliminate (maximum
2 T
| i
xi=x+d P
| ] |
Xe=x,—d ——n

£

Chuong 4
T6i uu hoda (Optimization)

4.1 Tim cuc tri ham mét bién s8: phuong phap diém
vang, phuong phap gradient

Phudng phap diém vang (Golden-section search or Golden ratio)
G:= (sqrt(5)-1)/2;
d:= G* (xC-x0) ;
xL:=xC-d; yL:=f (xL) ;
xR:=x0+d; yR:=f (xR) ;
Repeat
If yL >= yR then
Begin
x0:=xL;
xL:=xR;
yL:i=yR;
d:=G* (xC-x0) ;
xR:=x0+d;
Enél?' PR 362

Chuong 4
T6i uu hoda (Optimization)

4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

If yL <= yR then
Begin
xC:=xR;
xR:=xL;
yR:=yL;
d:=G* (xC-x0) ;
xL:=xC-d;
yL:= F(xL);
End;
Until abs (xC-x0)<=eps;
x0:=(x0+xC) /2;

363
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T6i uu hoda (Optimization)

4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient
Phudng phap diém vang (Golden-section search or Golden ratio)

Program Goldl;

Uses crt;
Var
G,d,x0,xC,xL,xR,y0,yL,yR,eps:real;
i,3j,k:integer;
Function F(x:real) :real;

Begin

Fi=x*x;

End;
{Chuong trinh chinh}
BEGIN

clrscr;
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Chuong 4
T6i uu hoda (Optimization)

4.1 Tim cuc tri ham mét bién s8: phuong phap diém
vang, phuong phap gradient
Phuong phap diém vang (Golden-section search or Golden ratio)

Program Goldl;

{Nhap x0,xC,eps,..}
G:=(sqgrt(5)-1)/2;
d:=G* (xC-x0) ;
xL:=xC-d;

yL:=F (xL);
xR:=x04+d;

yR:=F (xR) ;

365
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T6i uu hoda (Optimization)

4.1 Tim cuc tri ham mét bién s8: phuong phap diém
vang, phuong phap gradient
Phuong phap diém vang (Golden-section search or Golden ratio)

Program Goldl;

Repeat

If yL >= yR then
Begin
x0:=xL;
xL:=xR;
yL:i=yR;
d:=G* (xC-x0) ;
xR:=x04+d;
yR:=F(xR);
End;

366
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T6i uu hoda (Optimization)
4.1 Tim cuyc tri ham mét bién s6: phucng phap diém
vang, phuong phap gradient

Phudng phap diém vang (Golden-section search or Golden ratio)

Program Goldl;

If yL <= yR then

Begin
xC:=xR;
xR:=xL;
d:=G* (xC-x0) ;
xL:=xC-d;
yL:= F(xL);
End;

Until abs (xC-x0)<=eps;
x0:=(x0+xC)/2;
y0:=F(x0) ;

END. 367
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